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(54) METHOD FOR THE PREPARATION OF TRICYCLIC AMINO ALCOHOL DERIVATIVES 
THROUGH AZIDES 

(57) The present invention is directed to processes for the preparation of a tricyclic amino-alcohol derivative useful 
fortreating and preventing diabetes, obesity, hyperlipidemia and the like, which compound is represented bythe formula 
(1): 




NHS0 2 R 1 



(1) 



CO 
CM 



wherein R 1 represents a lower alkyl group or a benzyl group; *1 represents an asymmetric carbon atom; R 2 represents 
a hydrogen atom, a halogen atom or a hydroxyl group; and A represents one of the following groups: 



Q. 
LU 
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wherein X represents NH, O or S; R 5 represents a hydrogen atom, a hydroxyl group, an amino group or an acetylamino 
group; and *2 represents an asymmetric carbon atom when R 5 is not a hydrogen atom. The processes of the present 
invention proceed via azide derivatives and are convenient, practical preparing processes with low cost which comprise 
a small number of steps with good industrial work efficiency. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a novel process for the preparation of tricyclic amino-alcohol derivatives or 
salts thereof which are useful for treating and preventing diabetes, obesity, hyperlipidemia and the like and have the 
formula (1): 



OH H 



15 




20 wherein 

R 1 represents a lower alkyl group or a benzyl group; 
*1 represents an asymmetric carbon atom; 

R 2 represents a hydrogen atom, a halogen atom or a hydroxyl group; and 
25 a represents one of the following groups: 



XXX?*- XxX$* 



35 wherein X represents NH, O or S; R 5 represents a hydrogen atom, a hydroxyl group, an amino group or an acetylamino 
group; and *2 represents an asymmetric carbon atom when R 5 is not a hydrogen atom. This invention also relates to 
intermediates useful for the preparing process. 

BACKGROUND OF THE INVENTION 

40 

[0002] JP-A-9-249623 (WO 97/25311) and WO 99/01431 disclose in detail processes for the preparation of the 
compounds of the above-mentioned formula (1) and also describe that these compounds are very useful for treating 
and preventing diabetes, obesity, hyperlipidemia and the like. 

45 PROBLEMS TO BE SOLVED 

[0003] However, the study on the above known processes carried out by the present inventors showed that the said 
processes were not necessarily a practical process. It is supposed that there is a need for a convenient, practical 
preparing process with low cost which comprises a small number of steps with good industrial work efficiency. 

50 

MEANS TO SOLVE THE PROBLEMS 

[0004] The study carried out by the present inventors showed some disadvantages involved in the conventional 
processes for preparing a compound of the formula (1) set forth above, wherein the disadvantages were that the 
55 processes required many reaction steps and several purifying works including chromatography, and did not necessarily 
provide a good yield. In addition, if an optical isomer, such as R-form of a compound of the formula (1) is to be finally 
obtained according to the synthesizing route disclosed in the above patent publications, the carbonyl group is reduced 
with borane as a reducing agent in the presence of a chiral auxiliary agent of the following formula (16): 
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Me 



Me 



(16) 



This chiral auxiliary agent is very expensive and the process for the preparation thereof is very complicated. The chiral 
auxiliary agent is a hazardous combustible substance and an asymmetric reduction using the said chiral auxiliary agent 
requires strictly anhydrous conditions, strict temperature controls, complicated works and the like, which will become 
problematic when the chiral auxiliary agent is industrially used. 

[0005] In order to solve the above problems, the present inventors examined a variety of synthesizing processes. 
As a result, the present inventors have established preferred synthesizing processes successfully and completed the 
present invention. 

[0006] That is, the present invention is a process for the preparation of a compound of the formula (1): 



wherein R 1 represents a lower alkyl group or a benzyl group; R 2 represents a hydrogen atom, a halogen atom or a 
hydroxyl group; *1 represents an asymmetric carbon atom; and A represents one of the following groups: 



wherein X represents NH, O or S; R 5 represents a hydrogen atom, a hydroxyl group, an amino group or an acetylamino 
group; and *2 represents an asymmetric carbon atom when R5 is not a hydrogen atom, said process comprising: 



i) azidating a compound of the formula (8): 



OH 



H 

» 






(8) 



wherein R 1 is as defined above; R 21 represents a hydrogen atom, a halogen atom, a hydroxyl group or a 
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protected hydroxy! group; R3 represents an amino-protecting group or a hydrogen atom 
with an azidating agent to give a compound of the formula (7): 



10 



f5 



^rd^^i'sr defined above: and then reducin9 the c °"*™« <* «» v to 



give a 



20 



25 




^NSOzR 1 



(5) 



30 



wherein R\ R2i, R a and «1 are as defined above; or 
ii) asymmetrical^ reducing the compound of the formula (7) to give a compound of the formu.a (6): 



35 



40 




(6) 



45 



50 



55 



t^^JS^S as defined above; and then reducin9 the a2ido to *■ * -"p— of 

'LZT^ th t 6 t6rrninal br ° mine 3t0m ° f the side -°nain of a compound of the formula (8) into an amino 
group by animation reaction to give a compound of the formula (9): 



R 3,NS0 2 R 1 



(9) 



5 
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wherein R 1 , R 21 and R 3 are as defined above; and then reducing the compound of the formula (9) to 
give a compound of the formula (5); and then, 

(b) where necessary, protecting the compound of the formula (5) obtained in any one of the above steps to give 
a compound of the formula (4): 




wherein R 1 , R 21 , R 3 and * 1 are as defined above, and R 4 represents an ami no-protecting group or a hydrogen 
atom; and then, 

i) reacting the compound of the formula (4) with a compound of the formula (10): 



y^°' A ' no) 



wherein A* represents one of the following groups: 



■jOgCr" xx*-?" 



wherein X represents NH, O or S; R 51 represents a hydrogen atom, a protected hydroxyl group, a protected 
amino group or an acetylamino group; and *2 represents an asymmetric carbon atom when R*1 is not a hy- 
drogen atom, to give a compound of the formula (3): 




wherein R 1 , R 21 , R 3 R 4 , A' and * 1 are as defined above; or reacting the compound of the formula (4) 
compound of the formula (15): 
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10 



15 



0 



OH 



05) 



wherein represents a leaving group, to give a compound of 



the formula (14): 




(14) 



20 



pound of the formula (2): 



25 



30 




J 3-NS0 2 R 1 



(2) 



35 



with a i 



iToCund T^to^u^t ^ 3S dGflned 3bOVe; ° r 10 reaCtin9 the C ° mp0Und 0f the fo ™'a 



(4) 



40 



45 



.A' 



50 



55 



OHC^O 
(11) 

wherein A,s as defined above; and then -ducing the resuming compound to give a compound o, the formula 
Hi) reacting the compound of the formuia (4) with a compound of the formula (12): 

(12) 

wherein B2 represents a leaving group and A' is a* define =k„ ♦ 
and then, 9 9 P A ,s as def,ned above . t° 9've a compound of the formula (2); 
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(c)where necessary, simuftaneouslyorsequentiallyremovingthe protecting groups of the compound of the formula 
(2) obtained in any one of the above steps to give a compound of the formula (1). 

[0007] The aspect of the first synthesizing route of the present invention is a process for the preparation of a com- 
pound of the formula (1): 




id 

NHSO2R 1 

wherein Ri represents a lower alky, group or a benzyl group; ; R* represents a hydroger .atom a halogen atom or a 
hydroxy! group; '1 represents an asymmetric carbon atom; and A represents one of the follow.ng groups. 

XXO* Xr?3 Y 

wherein X presents NH OorS; R 5 represents a hydrogen atom, a hydroxy! group, an amino group or an acetylamino 
rmu^dTIS^lw asymmetric carbon atom when R* is not a hydrogen atom, said process compns.ng: 

(a) 

i) azidating a compound of the formula (8): 



(8) 



3.NSO2R 1 

K 



wherein Ri is as defined above; H" represents a hydrogen atom, a halogen atom a hydroxy! group or a 
protected hydroxy! group; R 3 represents an amino-protecting group or a hydrogen atom, 
with an azidating agent to give a compound of the formula (7): 




wherein R\ R* 1 and R 3 are as defined above; and then reducing the compound of the formula (7) to give a 
compound of the formula (5): 
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(5) 



10 



15 



20 



wherein R 1 , R 21 , R 3 and * 1 are as defined above; or 
ii) asymmetrically reducing the compound of the formula (7) to give a compound of the formula (6): 




(6) 



25 



30 



35 



wherein R 1 , R 21 , R 3 and *1 are as defined above; and then reducing the azido group to give a compound 
of the formula (5); or alternatively 

iii) converting the terminal bromine atom of the side-chain of a compound of the formula (8) into an amino 
group by amination reaction to give a compound of the formula (9): 




(9) 



40 



45 



wherein R 1 , R 21 and R 3 are as defined above; and then reducing the compound of the formula (9) to 
give a compound of the formula (5); and then, 

(b) where necessary, protecting the compound of the formula (5) obtained in any one of the above steps to give 
a compound of the formula (4): 



50 



55 




(4) 



wherein R 1 , R 21 , R 3 and * 1 are as defined above, and R 4 represents an amino-protecting group or a hydrogen 
atom; and then, reacting the compound of the formula (4) with a compound of the formula (1 0): 
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HO 



0 



.A' 



(10) 



wherein A' represents one of the following groups: 



10 



15 



20 



25 



wherein X represents NH, O or S; R 51 represents a hydrogen atom, a protected hydroxy! group, a protected amino 
group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 51 is not a hydrogen atom, 
to give a compound of the formula (3): 




j3 -NS0 2 R 1 



(3) 



30 



wherein R 1 , R21 , R3 ( R4 ? a* and * 1 are as defined above; and then further reducing the compound of the formula 
(3) to give a compound of the formula (2): 



35 



40 



OH R 4 




A' 



(2) 



45 



50 



wherein R 1 , R 21 , R 3 , R 4 , A' and *1 are as defined above; and then, 
(c) where necessary, simultaneously or sequentially removing the protecting groups of the compound of the formula 
(2) to give a compound of the formula (1). 

[0008] In the aspect of the first synthesizing route set forth above, a compound of the formula (7), a compound of 
the formula (6) and a compound of the formula (3) are the preferred intermediates which are novel and relatively good 
in crystallinity. The said compounds do not necessarily need a column chromatography purifying step and may be used 
in the following reaction step after being subjected to a recrystallizing treatment and the like. 
[0009] Specific examples of a compound of the formula (7) include: 



2-azido-1-[3-(N-benzyl-N-methylsulfonyl)amino]phenylethanone; 

2-azido-1-[3-(N-benzyl-N-methylsulfonyl)amino-4-hydroxy]phenylethanone; 

2-azido-1-[3«(N-benzyl-N-methylsulfonyl)amino-4-benzyloxy]phenylethanone; 

2-azido-1-[3-(N-benzyl-N-methylsulfonyl)amino-4-bromo]phenylethanone; 

2*azido-1-[3-(N-benzyI-N-methylsulfonyl)amino-4-chloro]phenylethanone; 

2-azido-1-[3-(N-methylsulfonylamino)]phenylethanone; 
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2-a2ido-1-(4-benzyioxy-3-methylsu!fonylamino)phenylethanone and the like. 
[0010] Specific examples of a compound of the formula (6) include: 

(±)-2-azido-1-[3-(N-ben2yl-N-methylsulfonyl)amino]phenylethanol; 

(±)-2-azido-1'[3-(M-ben2yl-N-methylsulfonyl)amino-4-hydroxy]phenylethanol; 

(±)-2-azido-1-[3-(N-benzyl-N-methylsulfonyI)amino-4-ben2yloxy]phenylethanol; 

(±)-2-azido-1-[4-bromo-3-(N-ben2yl-N-methylsulfonyl)amino]phenylethanol; 

(±)-2-aztdo-1-[4-chloro-3-(N-benzyl-N-methylsulfonyl)amino]phenylethanol; 

(±)-2-azido-1-(3-methylsulfonylamino)phenylethanol; 

(±)-2-azido-1-(4-chloro-3-methylsulfonylamino)phenylethanol; 

(±)-2-a2ido-t-(4-ben2yloxy-3-methylsulfonylamino)phenylethanol; 

(R)-2-azido-1-[3-(N-benzyl-N-methylsulfonyl)amino]phenylethanol; 

(R)-2-azido-1-[3-(N-benzyl-N-methylsulfonyl)amino-4-hydroxy]phenylethanol; 

(R)-2-azido-1-[3-(N-ben2yl-N-methylsulfonyl)amino-4-benzyloxy]phenylethanol; 

(R)-2-a2ido-1-[4-bromo-3-(N*benzyl-N-methylsulfonyl)amino]phenylethanol; 

(R)-2-azido-1-[4-chloro-3-(N-ben2yl-N-methylsulfonyl)amino]phenylethanol; 

(R)-2-azido-1-(3-methylsulfonylamino)phenylethanol; 

(R)-2-azido-1-(4-chloro-3-methylsulfonylamino)phenylethanol; 

(R)-2-azido-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanol and the like. 

[001 1] Specific examples of a compound of the formula (3) include: 

(±)-N , -[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino]phenyl]ethyl (9H-carbazol)-2-yioxyacetamide; 
(±)-NM2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyi)amino-4-benzyloxy]phenyl]ethyl. (9H-carbazol)-2-yloxyaceta- 



(±)-N'-[2-hydroxy-2-[3-(N-ben2yl-N-methylsulfonyl)amino-4-bromo]phenyl]ethyl (9H-carba2ol)-2-yloxyacetamide; 
(±)-N'-[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino-4-chloro]phenylJethyl (SH-carbazoO^-yloxyacetamide; 
(±)-N-[2-hydroxy-2-(3-methylsulfonylamino)phenyl]ethyl (9H-carbazol)-2-yioxyacetamide; 
(±)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-benzyloxy)phenyl]ethyl (9H-carbazol)-2-yloxyacetamide; 
(±)-N-[2-hydroxy-2-(4-chloro-3-methylsulfonylamino)phenyl]ethyl (9H-carba2ol)-2-yloxyacetamide; 
(±)-N-[2-hydroxy-2-(3-methylsulfonylamino)phenyl]ethyl (6-benzyloxy-9H-carba2ol)-2-yloxyacetamide; 
(R)-N , -[2-hydroxy-2-[3-(N-ben2yl-N-methylsulfonyl)amino]phenyl]ethyl (9H-carbazol)-2-yloxyacetamide; 
(R)-N , -[2-hydroxy-2-[3-(N-ben2yl-N-methylsulfonyl)amino-4-hydroxy]phenyl]ethyl (9H-carbazol)-2-yloxyaceta- 



(R)-N , -[2-hydroxy-2-[3-(N-ben2yl-N-methylsulfonyl)amino-4-ben2yloxy]phenyl)ethyl (9H-carba20l)-2-yloxyaceta- 



(R)-N , -[2-hydroxy-2-[3-(N-ben2yhN-methylsulfonyl)amino-4-bromo]phenyl]ethyi (9H-carba2ol)-2-yIoxyacetamide; 
(R)-N'-[2-hydroxy-2-[3-(N-ben2yl-N-methylsulfonyl)amino-4-chloro]phenyl]ethyl (9H-carba2ol)-2-yloxyacetamide; 
(R)-N-[2-hydroxy-2-(3-methylsulfonylamino)phenyl]ethyl (9H-carba2ol)-2-yloxyacetamide; 
(R)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-chloro)phenyf]ethyl (9H-carba2ol)-2-yloxyacetamide; 
(R)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-ben2yloxy)phenyl]ethyl (9H-carba2ol)-2-yloxyacetamide; 

(RJ-N'-p-hydroxy^-tS^N-benzyl-N-methylsulfonyOaminolphenylJethyl (6-ben2yloxy-9H-carba2ol)-2-yloxyaceta- 
mide and the like. 

[0012] The aspect of the second synthesi2ing route of the present invention is a process for the preparation of a 
compound of the formula (1), said process comprising: 

reacting a compound of the above-mentioned formula (4) with a compound of the formula (1 5) or its activated form: 



mide; 



mide; 



mide; 




(15) 



0 



wherein B 1 represents a leaving group, to give a compound of the formula (14): 
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OH R 4 




wherein R 1 , R 21 , R 3 , R 4 , B 1 and *1 are as defined above; and 

reacting the compound of the formula (14) with a compound represented by A'-OH wherein A' is as defined above, 
to give a compound of the formula (3); and 

subjecting the thus obtained compound of the formula (3) to the sequential reaction steps as set forth above to 
give a compound of the formula (1 ) via a compound of the formula (2). 

[0013] In the aspect of the second synthesizing route set forth above, a compound of the formula (14) is a preferred 
intermediate which is novel and relatively good in crystallinity. The said compound does not necessarily need a column 
chromatography purifying step and may be used in the following reaction step after being subjected to a recrystallizing 
treatment and the like. 

[0014] Specific examples of a compound represented by the formula (14) include: 

(±)-N , -[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino]pheny!]ethyl bromoacetamide; 
(±)-N'-[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino-4-hydroxy]phenyl]ethyl bromoacetamide; 
(±)-N , -[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino-4- benzyloxy]phenyl]ethyl bromoacetamide; 
(±)-N , -[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino-4'bromo]phenyl]ethyl bromoacetamide; 
(±)-N , -[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino-4-chloro]phenyl]ethyl bromoacetamide; 
(±)-N-[2-hydroxy-2-(3-methylsulfonylamino)phenyl]ethyl bromoacetamide; 
(±)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-chloro)phenyl]ethyl bromoacetamide; 
(±)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-benzyloxy)phenyl]ethyl bromoacetamide; 
(R)-N'-[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino]phenyl]ethyl bromoacetamide; 
(R)-N'-[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino-4-hydroxy]phenyl]ethyl bromoacetamide; 
(R)-N'-[2-hydroxy-2-[3-(N-benzyl-N-methylsulfonyl)amino-4-benzyloxy]phenyl]ethyl bromoacetamide; 
(R)-N'-[2-hydroxy-2-t3-(N-benzyl-N-methylsulfonyl)amino-4-bromo]phenyl]ethyl bromoacetamide; 
(R)-N'-[2-hydroxy-2-[3-(N-benzyl-N-methylsu!fonyl)amino-4-chloro]phenyl]ethyl bromoacetamide; 
(R)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-chloro)phenyl]ethyl bromoacetamide; 
(R)-N-[2-hydroxy-2-(3-methylsulfonylamino)phenyl]ethyl bromoacetamide; 

(R)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-benzyloxy)phenyl]ethyl bromoacetamide and the like. 

[0015] The aspect of the third synthesizing route of the present invention is a process for the preparation of a com- 
pound of the formula (1), said process comprising: 

reacting a compound of the above-mentioned formula (4) with a compound of the formula (11): 




(id 

wherein A* is as defined above; and reducing the resulting compound to give a compound of the formula (2); or 
reacting a compound of the above-mentioned formula (4) with a compound of the formula (12): 
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wherein B 2 and A' are as defined above, to give a compound of the formula (2); and 

subjecting the thus obtained compound of the formula (2) to the sequential reaction steps as set forth above to 
give a compound of the formula (1). 

PREFERRED EMBODIMENT OF THE INVENTION 

[0016] As used herein, "halogen atom" includes fluorine, chlorine, bromine and iodine, and among them, chlorine, 
bromine and iodine are generally preferred. Chlorine and bromine are particularly preferred. 

[0017] R 21 and R 2 may be a hydrogen atom, a halogen atom or a hydroxyl group (R 21 may also be a protected 
hydroxyl group), with hydrogen being particularly preferred. R 21 may be a hydroxyl group or a protected hydroxyl group, 
with a protected hydroxyl group being preferred. A halogen atom is also preferred as R 21 and R 2 . The halogen atom 
may be fluorine, chlorine or bromine, with chlorine and bromine being preferred. 

[0018] The leaving group B 1 may be, for example, a halogen atom, a substituted sulfonyloxy group and the like. The 
halogen atom includes chlorine, bromine and iodine. The substituted sulfonyloxy group includes methanesulfonyloxy, 
p-toluenesulfonyloxy trifluoromethanesulfonyloxy and the like. 

[0019] The term "lower aikyl" means a straight or branched saturated hydrocarbon containing 1 to 6 carbon atoms 
and may be preferably a straight or branched alkyl group, such as methyl, ethyl, n-propyl, i-propyl, n-butyt, i-butyl, sec- 
butyl, tert-butyl, pentyl, hexyl and the like, or a cycloalkyl group such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl 
and the like. Methyl is particularly preferred. 

[0020] R 1 may be preferably the lower alkyl group set forth above, with methyl being particularly preferred. A benzyl 
group may be also preferred as R 1 . 

[0021] R3 and R 4 may be a hydrogen atom and are preferably an amino-protecting group. Examples of the amino- 
protecting group include, for example, an acyl group, an acyloxy group, an easily removable aralkyl group and the like. 
The easily removable aralkyl group may be benzyl, substituted benzyl, naphthyl, substituted naphthyl and the like, with 
benzyl being particularly preferred. The aralkyl group to be used may be, for example, an aralkyl group containing 7 
to 16 carbon atoms. Specific examples thereof include benzyl, phenethyl, 3-phenylpropyl, 4-phenylbutyl, (1 -naphthyl) 
methyl, 2-(1-naphthyl)ethyl, 2-(2-naphthyl)ethyl and the like, wherein the phenyl or naphthyl moiety may have suitable 
substituents such as an alkyl group, an alkoxy group, a halogen atom and the like on suitable positions. 
[0022] R51 and R 5 in A' and A may be a hydrogen atom, a hydroxyl group (in case of R 51 , a protected hydroxyl group), 
an amino group (in case of R 51 , a protected amino group) or an acetylamino group, with hydrogen being particularly 
preferred. In addition, a hydroxyl group (in case of R 51 , a protected hydroxyl group) may be also preferred. *2 represents 
an asymmetric carbon atom when R 51 and Fi 5 is not a hydrogen atom. A compound containing *2 may be an optically 
active form or a racemic mixture. 

[0023] A carbazole group is particularly preferred as A. 

[0024] Each compound of the formulae (1 ), (2), (3), (4), (5), (6) and (1 4), in which formulae *1 means an asymmetric 
carbon atom, can be in the form of two optical isomers. Therefore, not only optically pure isomers of the said compounds, 
but also a mixture of any two isomers are encompassed in the present invention. From the viewpoint of pharmacological 
activity, a preferred configuration of the asymmetric carbon may be the absolute configuration R. 
[0025] The hydroxyl-protecting group is not limited as long as it is commonly used as a hydroxyl-protecting group. 
Preferred examples of easily and selectively removable protecting group generally include, for example, a trialkylsilyl 
group, an alkoxyalkyl group, an acyl group and the like. These hydroxyl-protecting groups can be introduced and 
removed by a known method indicated in literatures accepted in the art (for example, T. W. Greene, P. G. M. Wuts, et 
al., Protective Groups in Organic Synthesis, Wiley-lnterscience Publication). For example, a tert-butyldimethylsilyl 
group (TBDMS) may be introduced into the alcohol by the treatment of the alcohol with a sililating agent such as 
tertbutyldimethylchlorosilane, tert-butyldimethylsilyl trifluoromethanesulfonate and the like in the presence of an acid 
scavenger. The amount of the sililating agent to be added may be generally about 1 .0 to 1 .5 mol for 1 mol of the alcohol. 
Generally, this reaction is preferably carried out in an inert medium. The inert medium may be dichloromethane, tet- 
rahydrofuran, acetonitrile, pyridine and the like. The inert medium may be preferably N.N-dimethylformamide. The 
amount of the inert medium to be used may be about 1 to 5 mL for 1 g of the alcohol. The acid scavenger may be 
triethylamine, N,N-diisopropylethylamine, pyridine, N.N-dimethylaminopyridine and the like. The acid scavenger may 
be preferably imidazole. The amount of the acid scavenger to be added may be generally about 1 to 3 mol for 1 mol 



13 



EP1 174 426 A1 



of the alcohol. Generally, this reaction is preferably carried out at a temperature of about -20 to 80°C, particularly about 
0°C to room temperature, for example, for 1 to 5 hours. 

[0026] A benzyloxymethyl group (BOM) may be introduced into the alcohol by the treatment of the alcohol with 
chloromethyl benzyl ether in the presence of an acid scavenger. The amount of chloromethyl benzyl ether to be added 
may be generally about 1.0 to 1 .5 mol for 1 mol of the alcohol. Generally, this reaction is preferably carried out in an 
inert medium. The inert medium may be tetrahydrofuran, acetonitrile, N,N-dimethylformamide and the like. The inert 
medium may be preferably dichloromethane. The amount of the inert medium to be used may be about 1 to 5 mL for 
1 g of the alcohol. The acid scavenger may be triethylamine, pyridine or N,N-dimethylaminopyridine. The acid scav- 
enger may be preferably N,N-diisopropylethylamine. The amount of the acid scavenger to be added may be generally 
about 1 to 3 mol for 1 mol of the alcohol. Generally, this reaction is preferably carried out at a temperature of about 
-20 to 80°C, particularly about 0°C to room temperature, for example, for 1 to 5 hours. 

[0027] In addition, an acetyl group (Ac) may be introduced into the alcohol by the treatment of the alcohol with an 
acetylating agent such as acetic anhydride, acetyl chloride and the like in the presence of an acid scavenger. The 
amount of the acetylating agent to be added may be generally about 1 to 3 mol for 1 mol of the alcohol. Generally, this 
reaction is preferably carried out in an inert medium. The inert medium may be preferably tetrahydrofuran, acetonitrile, 
dichloromethane, pyridine and the like. The amount of the inert medium to be used may be about 1 to 5 mL for 1 g of 
the alcohol. The acid scavenger may be preferably triethylamine, N,N-diisopropylethylamine, pyridine, IM,N-dimethyl- 
aminopyridine and the like. The amount of the acid scavenger to be added may be generally about 1 to 3 mol for 1 
mol of the alcohol. Generally, this reaction is preferably carried out at a temperature of about -20 to 80°C, particularly 
about 0°C to room temperature, for example, for 1 to 5 hours. 

[0028] The hydroxyl -protecting group may be removed as follows. For example, the tert-butyldimethylsilyl group may 
be removed by the treatment of the tert-butyldimethylsilyl ether with tetrabutylammonium fluoride. The amount of 
tetrabutylammonium fluoride to be added may be generally about 1 to 3 mol for 1 mol of the tert-butyldimethylsilyl 
ether. Generally, this reaction is preferably carried out in a medium such as tetrahydrofuran and the like. The amount 
of the medium to be used may be generally about 1 to 5 mL for 1 g of the ether. Generally, this reaction is preferably 
carried out at a temperature of about -20 to 60°C, particularly about 0°C to room temperature, for example, for 1 to 5 
hours. This reaction is preferably carried out in the presence of acetic acid. The amount of acetic acid to be added 
may be generally about 1 to 2 mol for 1 mol of the tert-butyldimethylsilyl ether. 

[0029] The benzyloxymethyl group may be removed by hydrogenolysis reaction using a catalyst such as palladium/ 
carbon, palladium hydroxide/carbon and the like. The amount of the catalyst to be used may be generally about 5 to 
20% by weight with respect to the benzyloxymethyl ether. Generally, this reaction is preferably carried out in a medium 
such as methanol, ethanol, tetrahydrofuran, acetic acid and the like. The amount of the medium to be used may be 
generally about 1 to 5 mL for 1 g of the benzyloxymethyl ether. Generally, this reaction is preferably carried out at a 
temperature of about -1 0 to 50°C, particularly at room temperature, for example, for 3 to 1 0 hours. 
[0030] The acetyl group may be removed by subjecting the acetate to hydrolysis reaction using a base such as 
sodium carbonate, potassium carbonate, sodium hydroxide, potassium hydroxide and the like. The amount of the base 
to be added may be generally about 0.1 to 10 mol for 1 mol of the acetate. Generally, this reaction is preferably carried 
out in a medium such as methanol, ethanol, tetrahydrofuran, 1 ,4-dioxane, or a mixture thereof with water. The amount 
of the medium to be used may be generally about 1 to 5 mL for 1 g of the acetic ester. Generally, this reaction is 
preferably carried out at a temperature of about-20 to 1 00°C, particularly about 0 to 50°C, for example, for 1 to 5 hours. 
[0031] In accordance with the present invention, a compound having the hydroxyl group attached to the asymmetric 
carbon atom *1 , which is derived from the reduction of the corresponding carbonyl group, can be used in the following 
reactions without protection of the hydroxyl group. It is preferred, however, that such a compound is used after being 
protected with a suitable protecting group as occasion requires. 

[0032] The amino-protecting group may be removed by a known method indicated in literatures accepted in the art 
(for example, T. W. Greene, P. G. M. Wuts, et al., Protective Groups in Organic Synthesis, Wiley-lnterscience Publi- 
cation). For example, the benzyl group may be removed by hydrogenolysis reaction using a catalyst such as palladium/ 
carbon, palladium hydroxide/carbon and the like. The amount of the catalyst to be used may be generally about 5 to 
20% by weight with respect to the protected amine. Generally, this reaction is preferably carried out in a medium such 
as methanol, ethanol, tetrahydrofuran, acetic acid and the like. The amount of the medium to be used may be generally 
about i to 5 mL for 1 g of the protected amine. Generally, this reaction is preferably carried out at a temperature of 
about -10 to 50°C, particularly at room temperature, for example, for 3 to 10 hours. When R 21 is a halogen atom, 
however, the amino-protecting group is removed by a known method indicated in the literatures (M. Koreeda et al., 
Journal of Organic Chemistry, 49 , p. 2081 (1984) and S. Gubert et al., Synthesis , 4, p. 318 (1991)). 
[0033] The acetyl group may be removed according to the acetate hydrolyzing process using a base as set forth 
above. When an acyl group is used as the amino-protecting group, however, it may be preferred that this hydrolysis 
reaction is generally carried out at a temperature of room temperature to about 100°C. 

[0034] The tert-butoxycarbonyl group (Boc) may be removed by reacting the corresponding protected amine with a 
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acetate, propyl acetate and the like, alcohol solvents such as methanol, ethanol, i-propanol and the like, and halogen- 
containing solvents such as dichloromethane, chloroform and the like. Among them, a ketone solvent, such as acetone, 
methyl ethy! ketone and the like is preferably used. This reaction is generally carried out at a temperature of 0 to 1 00°C, 
preferably 10 to 30°C, for 1 to 24 hours, preferably 1 to 5 hours. 

[0042] A compound of the formula (7) to be produced is characterized in that it has a good crystallinity and is easily 
purified. Therefore, the present process can produce a highly pure product. A compound of the formula (7) can be 
obtained without any purifying work such as a column chromatography purifying treatment. It may be obtained after 
being subjected to a simple treatment, such as a recrystallizing treatment according to a preferred example of the 
process of the present invention. 

[0043] When a compound of the formula (7) is reduced to give a compound of the formula (6) in the form of racemic 
mixture, the reducing agent to be used is preferably sodium borohydride. The reducing agent is generally used in an 
amount of 0.5 to 5 equivalents, preferably 0.5 to 2 equivalents, with respect to the compound of the formula (7). The 
reaction solvent may be an alcohol solvent such as methanol, ethanol, i-propanol and the like, or a mixed solvent of 
the alcohol solvent with an ether solvent such as tetrahydrofuran, dioxane and the like. An alcohol solvent such as 
methanol, ethanol, i-propanol and the like is preferably used. The reaction temperature is generally 0 to 50°C, preferably 
0 to 30°C. The reaction time is 0.5 to 10 hours, preferably 0.5 to 5 hours. 

[0044] If a compound of the formula (7) is reduced with an asymmetric reduction catalyst, an optical isomer of a 
compound of the formula (6) can be obtained. 

[0045] Further, WO 97/20789 and JP-A-9-1571 96 each teach a variety of processes for the preparation of an optically 
active alcohol from a ketone. That is, a variety of transition metals with various ligands are used as a metal complex. 
Most preferably, a transition metal complex is used which may be represented by MX m L n wherein M represents a 
transition metal of the VIII group such as iron, cobalt, nickel, ruthenium, rhodium, indium, osmium, palladium, platinum 
and the like; X represents a hydrogen atom, a halogen atom, a carboxyl group, a hydroxyl group, an alkoxyl group and 
the like; L represents a neutral iigand such as an aromatic compound, an olefin compound and the like; and, m and n 
represent an integer. Ruthenium is one of preferred transition metal to be contained in such transition metal complexes. 
When the neutral Iigand is an aromatic compound, it may be a monocyclic aromatic compound. The aromatic compound 
may be substituted with one or more of various substituents including a hydrogen atom, a saturated or unsaturated 
hydrocarbon group, an ally! group, a functional group containing heteroatom(s) and the like, on any positions of the 
aromatic compound. The substituents may be specifically an alkyl group such as methyl, ethyl, propyl, i-propyl, butyl, 
tert-butyl, pentyl, hexyl, heptyl and the like; a cycloalkyl group such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl 
and the like; an unsaturated hydrocarbon group such as benzyl, vinyl, allyl and the like; or a functional group containing 
heteroatom(s) such as hydroxyl, alkoxyl, alkoxycarbonyl and the like. 
[0046] In addition, specific examples of the metal complex include 

[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]benzene ruthenium complex; 
[(S,S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]benzene ruthenium complex; 
[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
[(R,R)-N-(o-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
[(RiR)-N-(2-mesitylenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
[(S,S)-N-(2-mesitylenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
((R,R)-N-methanesulfonyl-1 ,2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
[(R,R)-N-benzenesulfonyl-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
[(R^RJ-NHp-fluorobenzenesulfonyl)-! ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
[(R^RJ-N-trifluoromethanesulfonyM ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
[(R,R)-N-(p-methoxybenzenesulfonyl)-1,2-diphenylethylene-diamine](p-cymene) ruthenium complex; 
[(R,R)-N-methanesulfonyl-1 ( 2-diphenylethylenediamine]mesitylene ruthenium complex; 
[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]mesitylene ruthenium complex; 
hydride-[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]benzene ruthenium complex; 
hydride-[(R,R)-N-(p-toluenesulfonyl)-1,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
hydride-KRiRJ-N-to-toluenesulfonyO-l^-diphenylethylenediaminejcp-cymene) ruthenium complex; 
hydride-[(R,R)-N-(2-mesitylenesulfonyl)-1,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
hydride-[(R!R)-N-methanesulfonyl-1 ,2-diphenylethylenediamineJ(p-cymene) ruthenium complex; 
hydride-[(R,R)-N-benzenesuifonyl-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
hydride-[(R,R)-N-(p-fluorobenzenesulfonyl)-1,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
hydride-[(R,R)-N-trifluoromethanesulfonyl-1,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
hydride-[(R!R)-N-(p-methoxybenzenesulfonyl)-1,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
hydride-[(R,R)-N-methanesulfonyl-1 ,2-diphenylethylenediamine]mesitylene ruthenium complex; 
hydride-[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]mesitylene ruthenium complex; 
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chioro-[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]benzene ruthenium complex; 
chloro-[(R,R)-N-(p«toluenesulfonyl)-1 ,2-diphenylethylenediamine)(p-cymene) ruthenium complex; 
chloro-[(R,R)«N-(o-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
chloro-[(R f R)-N-(2-mesitylenesulfonyl)-1 l 2-diphenylethylenediamine](p-cymene) ruthenium complex; 
chloro-[(R,R)-N-methanesulfonyl-1 ,2-diphenylethylenediamineJ (p-cymene) ruthenium complex; 
chloro-[(R,R)-N-benzenesulfonyl-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex; 
chloro-ffR.RJ-N-Cp-fluorobenzenesulfonyO-l^-diphenylethylenediamineJlp-cymene) ruthenium complex; 
chloro-KR.RJ-N-trifiuoromethanesulfonyl-l ,2-diphenylethylenediamine](p-cymene) ruthenium complex; ' 
chloro-^R.R^N^p-methoxybenzenesulfonyO-l^-diphenylethylenediaminelfp-cymene) ruthenium complex; 
chloro-[(R,R)-N-methanesulfonyM ,2-diphenylethylenediamine]mesitylene ruthenium complex; 
chloro-[(R,R)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]mesitylene ruthenium complex and the like. 

[0047] Further, an asymmetric reduction using a catalyst obtained by the reaction of the following rhodium complex 
with the following chiral phosphine ligand is known. For example, [Rh(nbd) 2 ]CI0 4 (wherein nbd means norbornadiene), 
[Rh(nbd)CI] 2 , [Rh(cod)CI] 2 (wherein cod means cycloocta-t ,5-diene), and the like are known as a rhodium complex. 
Examples of chiral phosphine ligand include (2R,3R)-2 ( 3-bis(diphenylphosphino)-bicyclo[2,2,1]-hept-5-ene [abbr.: (R, 
R)-NORPHOS]; (RJ-S.S'-dimethoxy^^.e.e'-tetramethyl^-diphenylphosphino^-dicyclohexylphosphino-l ,1'-biphe- 
nyl [abbr.: (R)-MOC-BIMOP]; (R)-5 ( 5 , -dimethoxy-4,4 , ) 6,6 , -tetramethyl-2,2 , -bis(dicyclohexylphosphino)-1 , V-biphenyl 
[abbr.: (R)-Cy-BIMOPJ; (2S,3S)-1 ,4-bis[bis(4-methoxy-3,5-dimethylphenyl)phosphino]-2,3-0-isopropylidene-2,3-bu- 
tanediol [abbr.: (S.S)-MOD-DIOP]; (2S,3S)-1,4-bis(diphenylphosphino)-2 l 3-0-isopropylidene-2,3-butanediol [abbr.: 
(S,S)-DIOP]; (2S,3S)-1 -diphenylphosphino-4-dicyclohexylphosphino-2,3-0-isopropylidene-2,3-butanediol [abbr.: (S, 
S)-DIOCP]; (R)-1-[(S)-1',2-bis(diphenylphosphino)ferrocenyl]ethanol [abbr.: (R)-(S)-BPPFOH]; (S)-1-[(S)-1',2-bis 
(diphenylphosphino)ferrocenyl]ethanol [abbr.: (S)-(S)-BPPFOH]; (1 S,2S)-1-(diphenylphosphino)-2-[(diphenylphosphi- 
no)methyl]-cyclopentane [abbr.: (S ( S)-PPCP); (1 R,2R)-1 -(dicyclohexylphosphino)-2-[(diphenylphosphino)methyl]cy- 
clopentane [abbr.: (R.R)-CPCP] and the like. 

[0048] In addition, the literature (Achiwa et al. Chem. Pharm. Bull., 43. p. 748 (1 995)) teaches that preferred examples 
of the catalyst include those obtained by reacting [Rh(cod)CI] 2 wherein cod means cycloocta-1 ,5-dienea (hereinafter, 
optionally referred to as "rhodium complex") with a chiral phosphine ligand represented by the formula (17): 





wherein Cy means a cyclohexyl group. 

[0049] Further, JP-A-1-19085 teaches the preparation of rhodium-phosphine ligands, such as rhodium- 1 ,5-cy- 
clooctadiene-(2R,4R)-N-(tert-butoxycarbo com- 
plex, rhodium-1,5-cyclooctadiene-(2R,4R)-N-(methylcarbamoyl)-4-dicyclohexylphosphino-2-diphenylphosphinometh- 
ylpyrrolidine complex, rhodium-1 ,5-cyclooctadiene-(2R,4R)-N-(ethylcarbamoyl)-4-dicyclohexylphosphino-2-diphenyl- 
phosphinomethylpyrrolidine complex and the like. J. Org. Chem. , 52, p. 5406 (1 987) teaches the preparation of diisopi- 
nocampheylchloroborane. 
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[0050] Examples of a catalyst for asymmetric reduction catalyst which can be used for obtaining an optical isomer 
of a compound of the formula (6) include, for example, (diphenylethylenediamine) ruthenium complex. More specific 
examples thereof include [ (R,R)-N-methanesulfonyl-1 ,2-diphenylethylenediamine](p-cymene) ruthenium complex and 
[ (S,S)-N-methanesulfonyl-1 ,2-dipheny!ethylenediamine](p-cymene) ruthenium complex. If a compound of the formula 

5 (7) is asymmetrically reduced with (diphenylethylenediamine) ruthenium complex, the compound may be reacted with 
a hydrogen donating compound in the presence of the catalyst. The amount of the catalyst to be added maybe generally 
0.000001 to 1 equivalent, preferably 0.0001 to 0.02 equivalent, with respect to the compound of the formula (7). The 
hydrogen donating compound may be hydrogen gas, an alcohol solvent such as methanol, ethanol, n-propanol, i- 
propanol and the like, formic acid or salts thereof, an amine compound such as triethylamine and the like, an unsaturated 

10 hydrocarbon having partially saturated carbon bond such as tetralin, decalin and the like, a heterocyclic compound, 
hydroquinone, phosphorous acid and the like. The reaction is preferably carried out in a reaction solvent. Examples 
of the reaction solvent include aromatic solvents such as toluene, xylene and the like, halogen-containing solvents 
such as dichloromethane, chloroform and the like, polar solvents such as N,N-dimethylformamide, N,N-dimethylaceta- 
mide and the like, sulfoxide solvents such as dimethylsulfoxide, sulfolane and the like, nitrile solvents such as ace- 

15 tonitrile and the like, and ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane and the like. The reaction 
solvent is preferably an ether solvent such as tetrahydrofuran and the like. It is also preferred that the above mentioned 
hydrogen donor is used as the reaction solvent. The amount of the reaction solvent may be generally 0.1 to 100% by 
weight with respect to the compound of the formula (7). The reaction is carried out at a temperature of -30 to 50°C, 
preferably at a temperature of -20 to 10 °C with good optical yield. The reaction time is 0.5 to 10 days, preferably 1 to 

20 3 days. 

[0051] If a compound of the formula (7) is asymmetrically reduced with rhodium-phosphine ligand, the compound 
may be reacted with a hydrogen donating compound in the presence of the catalyst. The amount of the catalyst to be 
added may be generally 0.000001 to 0.1 equivalent, preferably 0.0001 to 0.1 equivalent. Hydrogen gas is used as the 
hydrogen donor. The reaction pressure is generally atmospheric pressure to 50 atm, preferably atmospheric pressure 

25 to 20 atm. In addition, this reaction may be carried out in the presence of a base. The base to be used may be triethyl- 
amine, diisopropylethylamine, sodium hydroxide, potassium hydroxide, lithium hydroxide, potassium methoxide, po- 
tassium tertbutoxide and the like, with an organic base such as triethylamine and the like being preferred. The amount 
of the base may be generally 0.0005 to 0.5 equivalent, preferably 0.005 to 0.05 equivalent, with respect to the compound 
of the formula (7). The reaction is preferably carried out in a reaction solvent. Examples of the reaction solvent include 

30 aromatic solvents such as toluene, xylene and the like, ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-diox- 
ane and the like, alcohol solvents such as methanol, ethanol, i-propanol and the like, and water. The reaction solvent 
is preferably an alcohol solvent such as methanol and the like. The reaction is carried out at a temperature of 0 to 
1 00°C, preferably 20 to 50°C. The reaction time is 0.5 to 1 0 days, preferably 0.5 to 2 days. 

[0052] A compound of the formula (7) may be asymmetrically reduced with diisopinocampheylchloroborane. The 
35 amount of the reducing agent to be used may be generally 1 .0 to 1 0.0 equivalents, preferably 1 .0 to 3.0 equivalents 
with respect to the compound of the formula (7). Examples of the reaction solvent to be used include aromatic solvents 
such as toluene, xylene and the like, ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane and the like, 
halogen-containing solvents such as dichloromethane, chloroform and the like, and saturated aliphatic solvents such 
as pentane, hexane and the like. The reaction solvent is preferably an ether solvent such as tetrahydrofuran and the 
40 like. The reaction is carried out at a temperature of -50 to 50°C, preferably at a temperature of -20 to 0°C with good 
optical yield. The reaction time is 1 .0 to 24 hours, preferably 5 to 15 hours. 

[0053] If a compound of the formula (6) is reduced to prepare a compound of the formula (5), the reducing agent to 
be used may be lithium aluminium hydride or a hydrogen donor with a catalyst such as platinum oxide or palladium/ 
carbon. Hydrogen gas with platinum oxide as the catalyst is preferably used in view of safety and easiness of work- 

45 up. Platinum oxide is generally used in an amount of 0.001 to 0.1 equivalent, preferably 0.01 to 0.1 equivalent with 
respect to the compound of the formula (6). Hydrogen gas is used as the hydrogen donor and the reaction pressure 
is generally atmospheric pressure to 10 atm, preferably atmospheric pressure to 5 atm. Examples of the reaction 
solvent include alcohol solvents such as methanol, ethanol, i-propanoi and the like, and ether solvents such as diethyl 
ether, tetrahydrofuran, 1 ,4-dioxane and the like. Preferred reaction solvent is an alcohol solvent such as methanol and 

so the like. The reaction is carried out at a temperature of 0 to 100°C, preferably 10 to 40°C. The reaction time is 1 to 50 
hours, preferably 10 to 30 hours. 

[0054] Further, a compound of the formula (5) may be obtained by reducing a compound of the formula (7). The 
reducing agent to be used may be selected from, for example, lithium aluminium hydride and hydrogen gas with a 
catalyst such as palladium/carbon depending on the nature of R 21 and the like. Generally, the preferred reducing agent 
55 may be lithium aluminium hydride. The reducing agent (lithium aluminium hydride) may be generally used in an amount 
of 2 to 5 equivalents, preferably 2 to 3 equivalents with respect to the compound of the formula (7). The reaction solvent 
to be used may be ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane and the like. The reaction tem- 
perature may be generally 0 to 100°C, preferably 10 to 40°C. The reaction time may be generally 1 to 50 hours, 
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preferably 10 to 30 hours. When a compound of the formula (7) in which R 21 Is a halogen atom is reduced to obtain a 
compound of the formula (5), borane is preferably used as the reducing agent. In this case, the amount of the reducing 
agent (borane) to be used may be generally 1 to 10 equivalents, preferably 2 to 4 equivalents with respect to the 
compound of the formula (7). Examples of the reaction solvent include ether solvents such as diethyl ether, tetrahy- 

5 drofuran, 1 ,4-dioxane and the like, and aromatic solvents such as toluene, xylene and the like. Preferred reaction 
solvent may be an ether solvent such as tetrahy drofuran. The reaction temperature may be generally 0 to 100°C, 
preferably 10 to 40°C. The reaction time may be generally 1 to 50 hours, preferably.10 to 30 hours. 
[0055] Further, a compound of the formula (5) may be directly obtained from a compound of the formula (9) by 
reducing the said compound. A compound of the formula (9) can be synthesized according to a known method indicated 

10 in a literature (for example, A. A. Larsen et al. f J. Med. Chem. , 10, p. 462 (1 967) or C. Kaiser, J. Med. Chem., 7, p. 49 
(1974)). 

[0056] Further, a compound of the formula (9) may also be obtained by converting the terminal bromine atom of the 
side-chain of a compound of the formula (8) into an amino group by amination reaction. Hexamethylenetetramine, 
ammonia and the like may be used in a reaction for aminating a compound of the formula (8). Hexamethylenetetramine 

15 may be preferably used. If hexamethylenetetramine is used, a compound of the formula (9) may be obtained by reacting 
a compound of the formula (8) with hexamethylenetetramine followed by treating with an acid to form an amino group. 
The amount of hexamethylenetetramine, ammonia and the like to be used may be generally I to 10 equivalents, pref- 
erably 1 to 3 equivalents with respect to the compound of the formula (8). Examples of the reaction solvent to be used 
include halogen-containing solvents such as chloroform, methylene chloride and the like, and ether solvents such as 

20 tetrahydrofuran, 1 ,4-dioxane and the like. The preferred reaction solvent may be an ether solvent such as tetrahydro- 
f uran and the like. The reaction may be carried out at a temperature of 0 to 1 00°C, preferably 1 0 to 40°C. The reaction 
time may be generally 1 to 50 hours, preferably 10 to 30 hours. The acid to be used after the reaction with hexameth- 
ylenetetramine may be, for example, hydrochloric acid, sulfuric acid, acetic acid and the like. The amount of the acid 
to be used may be generally 1 to 10 equivalents, preferably 5 to 8 equivalents with respect to the compound of the 

25 formula (8). The reaction solvents may be an alcohol solvent such as methanol, ethanol, propanol and the like. The 
reaction temperature may be generally 0 to 100°C, preferably 70 to 80°C. The reaction time may be generally 1 to 10 
minutes, preferably 5 to 8 minutes. 

[0057] The reducing reaction of a compound of the formula (9) to a compound of the formula (5) can be carried out 
according to the reducing reaction of a compound of the formula (7) to a compound of the formula (5) in the racemic 
30 form; the reducing reaction of a compound of the formula (7) to a compound of the formula (6) in the racemic form; the 
reducing reaction of a compound of the formula (6) to a compound of the formula (5); or the asymmetrically reducing 
reaction of a compound of the formula (7) to one of the optical isomers of a compound of the formula (6), as set forth 
above. 

[0058] The thus obtained compound of the formula (5) by one of the above methods is preferred in that it does not 
35 necessarily need a purifying treatment such as column chromatography and may be subjected to an easy treatment 
such as a recrystallizing treatment. 

[0059] A compound of the formula (5) is, where necessarily, subjected to a protecting treatment to give a compound 
of the formula (4). Protecting a compound of the formula (5) is not always necessary. A benzyl group as R 4 can be 
introduced by reacting a compound of the formula (5) with benzaldehyde to give a Shift base and then reducing the 

40 Sniff base. The amount of benzaldehyde to be used may be generally 1 .0 to 5.0 equivalents, preferably 1 .0 to 2.0 
equivalents with respect to the compound of the formula (5). The reducing agent may be platinum oxide with a hydrogen 
donor, sodium borohydride, sodium cyanoborohydride and the like, with platinum oxide with a hydrogen donor being 
preferred. The amount of the reducing agent (platinum oxide) to be used may be generally 0.001 to 0.1 equivalent, 
preferably 0.01 to 0.1 equivalent. Hydrogen gas is used as the hydrogen donor generally at a reaction pressure of 

45 atmospheric pressure to 10 atm, preferably atmospheric pressure to 5 atm. Examples of the reaction solvent include 
alcohol solvents such as methanol, ethanol, i-propanol and the like, and ether solvents such as diethyl ether, tetrahy- 
drofuran, 1 ,4-dioxane and the like. The preferred reaction solvent is an alcohol solvent such as methanol and the like. 
The reaction is carried out at a temperature of 0 to 100°C, preferably 10 to 40°C. The reaction time is 1 to 50 hours, 
preferably 10 to 30 hours. 

so [0060] A compound of the formula (3) may be obtained by reacting a compound of the formula (4) with a compound 
of the formula (10) or its activated form. 

[0061] A compound of the formula (10) may be obtained by reacting a compound represented by A'-OH with a bro- 
moacetate such as methyl bromoacetate, ethyl bromoacetate, tert-butyl bromoacetate or n-butyl bromoacetate, fol- 
lowed by ester hydrolysis reaction. 
55 [0062] Using commercially available methyl bromoacetate (mfd. by Aldrich) is easy and preferred. A compound rep- 
resented by A'-OH can be obtained by the methods disclosed in JP-A-9-249623 (WO 97/25311) and WO 99/01431. 
However, in case of 2-hydroxycarbazole, using a commercially available product (mfd. by Aldrich) is easy and preferred. 
The reaction of a compound represented by A'-OH with methyl bromoacetate is preferably carried out in the presence 
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ellaleL II T t T V bromoace,ate ,0 be used may ^ generally 1 to 10 equivalents, preferably 1 to 3 
3 idlandth^- P ^ t 6 C ° mP0Und re P resented b V A '" OH - ^e base may be potassium carbonate/sodium 
oref ESS * I , ? T m C3rb0nate b6ing Pr6ferred - The amount of the base * be u * ad ^ 1 to 1 0 equivalents 

tetrlhvH ?f e ^ lva,ente - Samples of the reaction solvent to be used include ether solvents such as diethyl ether 

ISSS^' n t r a ?! f f nd the lik6, ket ° ne S0,V6ntS SUCh as acetone ' methyl ^hyl ketone and the .ike, polar 
Vlsuffol ZT t TT^ N ' N - dimeth y |a ^tamide and the .ike, and sulfoxide solvents such as dimeth- 

ule , 6 ^ A k6t ° ne S0 ' Vent SUCh 88 acetone ' meth y' ^ ket ° ne and the like is preferably 
hou?s oreferab v i 17? * T perature of 20 t0 1 00 ° C . P^ably 20 to 60-C. The reaction time is 1 to 24 

aZ!,lZl y h UrS - After,he reaCti ° n ° f 3 com P° und represented by A" -OH with methyl bromoacetate is 
22 t o h f 6 , resu,,,n 9 e f r ,s P referab| y "ydrolyzed by ailowing the ester to stand in the presence of a base for a 
rZIZ ?. ' me ° r acceleratin 9 su «=h a hydrolysis reaction under a thermal condition. 

comSunlfTh 'f 6 thU , S 0btained com P° und ° f tne formula (10) is reacted with a compound of the formula (4), a 
o Z cZl m n°T W m ? 'T^ 0 ^ converted int0 tta Rivaled form before the reaction with the compound 
f to i o Z ?• The am ° Unt of the impound of the formula (4) or its activated form to be used may be generally 
nn™ r ntS ' Pref6rably 1 t0 3 ec " jiva,ents w "h respect to the compound of the formula (10) V 
ESS?. Znn reaCt '° n ° f 8 c ° mpound of the formula 0 °) w *h a compound of the formula (4) is generally carried out 
^hvf, °i h ?k 9 f 9ent COndensin 9 a 9 ent ma y ba N.N'-dicyclohexylcarbodiimide l.lirbonyLmidazole 
Preyed ^ (3 - dimethy,am,no P ro Py , ) carbodiim i d e hydrochloride and the like, with N.N'-dicyciohexylcamodiimWe being 

DrlferZftntf » ( ,V ;- N '- di h c y clohex y |cart ' od »mide) may be generally used in an amount of 1 to 10 equiv- , 

to be use ^ nSuI e hi ^i ' V f S ' T UT? * *" C ° mP ° Und ° f the f0rmU ' a (4) ' Examp,es of the reaction so ' vent ' 
Ls aceton J mlt ^ ^ * ethyl ^ tet rahydrofuran, 1 ,4-dioxane and the like, ketone solvents such 

Zc ukI X: k y ! y k6t0ne and tHe like ' P ° lar SO,V6ntS SUCh as N-N-dimethylformamide. N,N-dimethylacetamide 
Jnd h! K ' , S °' VentS SUCh 35 dimeth y |su, fo xida . ^'fo'ane and the like, nitrile solven s such as aceS He 

and the l.ke ester solvents such as ethyl acetate, n-butyl acetate, methyl acetate, propyl acetate and the like and 
furanTnd TT? ^TT* " dichloro methane. cb '°roform and the like. An e^er so.vent 

rZ r^r " P / e,e I ably USed " ThS reaCti ° n ' S Carried 0ut at a t^Perature of 0 to 1 00«C, preferably 1 0 to 40°C 

The reaction time is 1 to 50 hours, preferably 10 to 30 hours. 

[0066] When a compound of the formula (10) is reacted with a compound of the formula (4), it is also preferred to 

chZ' b a u ^bont: ; a d r r; v f ? 9 a compound of the formu,a oo> may be an activated ester 

2 set X above converting a compound into its activated form. The other reaction conditions are 

[0067] The thus obtained reaction product is preferred in that it does not necessarily need a purifying treatment such 
io an easy treatment such as a recrystallizmg treatment. 

SSL ^ hSn h C ° mp ° Und ° f ,he formula (3) is further reduced to obtain a compound of the formula (2), the reducing 

S h ? m t y be b ° rane ' ' ithiUm a ' UminiUm hydride and the ,ike ' wrt h borane being preferred The reduc ng 
agent (bora ne) may be generally used in an amount of 1 to 1 0 equivalents, preferably 2 to 4 equivalents wfth resS 

Shi? zr;?' the i ormu,a (3) - Exampies ° f the reaction soivent to be used z s ? 

ether, etrahydrofuran, dioxane and the like, and aromatic solvents such as toluene, xylene and the like An ethe 
solvent such as tetrahydrofuran and the like is preferably used. The reaction is carriedout at tempe ature oftto 
r«n«f; P :? ,erab| y 10 to 40 ° C - The reaction time is 1 to 50 hours, preferably 10 to 30 hours 

above c^^h 6 SimUltane °" S ° r sequential removals of the protecting groups according to the methods as set forth 
above can provide a compound of the formula (1 ). 

carbon in^h^r™' 6 ' de P r ° teCting treatment of a impound of the formula (2) may be earned out using palladium/ 
weiah? orl5 e r«h? !n? 2 nt Z ° 9e \ I 60 " 0 '- Palladium/car bon may be generally used in an amount of 10 to 50% by 
weight, preferably 1 0 to 30% by we ig ht with respect to the compound of the formula (2). Hydrogen gas is used as the 

TsZ n £2T ne f T ^ a ; eaCt T PreSSUfe ° f atm ° SPheriC P— 6 10 10 atm ' PreferLiyltmfsp ere press e 
InH !th ' , P f K 6 reaCt ' 0n S0 ' Venl inC ' Ude alCOh0 ' 50lvents such as methanol, ethanol. i-propanol and the like 
an £T« t \T n 1 SU f 38 di6thyl 6ther ' tetrah y dro fo-- an . 1 . 4 - d -- a ne and the like. The preferred reaction solve 1 1 

To ^ 40 °r th a r ethan0 ' 8nd the ' ike - The reaCti0n iS carried out at a temperature of 0 to 1 00'C, prefer ably 

1 0 to 40 o C. The reaction time is 1 to 20 hours, preferably 2 to 5 hours h"*'e'<iuiy 

[0071] In each step of the synthesizing routes set forth above, the produced material is preferably purified by a known 

oood in 9 ,™?'!?' T C °' Umn chroma, °9 ra P h y and the like. However, each intermediate compound h relativl 
good ,n crystallinity and can be used in the following reaction step after being subjected to a simple recrystalS 
reatment w,thout hard labor. Therefore, the present process, which can save cost ad complicated proces^ ? 1 1 re 
ferred process. In addition, the present process is also preferred in that each reaction step'resl in good yield and 
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that the number of reaction steps is relatively tew. 
[Preparing Process 2] 

5 [0072] The compound of the above-mentioned formula (4) can be reacted with a compound of the formula (15) or 
its activated form to prepare a compound of the formula (14). The amount of the compound of the formula (15) or its 
activated form to be added is generally 1 to 1 0 equivalent, preferably 1 to 3 equivalent, with respect to the compound 
of the formula (4). The said reaction is preferably carried out in the presence of a base. The base may be an organic 
base such as triethylamine, diisopropylethylamine and the like, with triethylamine being preferred. The amount of the 

10 base to be added is generally I to 10 equivalent, preferably 1 to 5 equivalent. Examples of the reaction solvent to be 
generally used include ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane and the like, ketone solvents 
such as acetone, methyl ethyl ketone and the like, polar solvents such as N,N-dimethylformamide, N.N-dimethylaceta- 
mide and the like, sulfoxide solvents such as dimethylsulfoxide, suifoiane and the like, nitrite solvents such as ace- 
tonitrile and the like, ester solvents such as ethyl acetate, n-butyl acetate, methyl acetate, propyl acetate and the like, 

15 and halogen-containing solvents such as dichloromethane, chloroform and the like. An ether solvent such as diethyl 
ether, tetrahydrofuran, 1 ,4-dioxane and the.like is preferably used. The reaction is generally carried out at a temperature 
of 0 to 50°C, preferably 0 to 20°C . The reaction time is 1 to 10 hours, preferably 1 to 5 hours. 
[0073] The leaving group B 1 of a compound of the formula (15) or its activated form may be a halogen atom, in 
particular, a chlorine or bromine atom. A compound of the formula (15) in the form of acid bromide or acid chloride is 

20 preferably selected as the activated form. That is, a compound of the formula (15) or its activated form is preferably 
chloroacetyl chloride, bromoacetyl chloride or bromoacetyl bromide, which are commercially available (mfd. by Aldrich). 
Using such commercially available product is easy and preferred. 

[0074] Next, a compound of the formula (14) can be reacted with a compound represented by A'-OH to prepare a 
compound of the formula (3). The amount of the compound represented by A'-OH to be used is generally 1 to 10 

25 equivalents, preferably 1 to 3 equivalents, with respect to the compound of the formula (14). The said reaction is 
preferably carried out in the presence of a base. The base may be sodium hydroxide, potassium hydroxide, potassium 
carbonate and the like, with potassium carbonate being preferred. Examples of the reaction solvent to be generally 
used include ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane and the like, ketone solvents such as 
acetone, methyl ethyl ketone and the like, polar solvents such as N,N-dimethylformamide, N,N-dimethylacetamide and 

30 the like, sulfoxide solvents such as dimethylsulfoxide, suifoiane and the like, and ester solvents such as ethyl acetate, 
n-butyl acetate, methyl acetate, propyl acetate and the like. A ketone solvent such as acetone, methyl ethyl ketone 
and the like is preferably used. The reaction is carried out at a temperature of 20 to 100°C, preferably 50 to 100°C. 
The reaction time is 1 to 10 hours, preferably 1 to 5 hours. 

[0075] The thus obtained compound of the formula (3) can be subjected to the sequential reaction steps according 
35 to Preparing Process 1 set forth above to give a compound of the formula (2) and then a compound of the formula (1 ). 
[0076] In each step of the synthesizing routes set forth above, the produced material is preferably purified by a known 
purifying means, such as column chromatography and the like. However, each intermediate compound is relatively 
good in crystallinity and can be used in the following reaction step after being subjected to a simple recrystallizing 
treatment without hard labor. Therefore, the present process, which can save cost and complicated process, is a pre- 
40 ferred process. In addition, the present process is also preferred in that each reaction step results in good yield and 
that the number of reaction steps is relatively few. 

[Preparing Process 3] 

45 [0077] When a compound of the formula (11) is selected in the process of reacting a compound of the above-men- 
tioned formula (4) with a compound of the formula (11) or (12) set forth above, the reaction product derived from the 
compound of the formula (11) can be then reduced to provide a compound of the formula (2). 

[0078] The reaction of a compound of the formula (4) with a compound of the formula (11) is carried out by mixing 
an acetal compound which is a precursor of a compound of the formula (11) and a compound of the formula (4) in the 

50 presence of an acid. The precursor acetal is converted into the corresponding compound of the formula (11). The acid 
to be used may be hydrochloric acid, p-toluenesulfonic acid, trifluoroacetic acid and the like, with hydrochloric acid 
being preferred. The amount of the acid to be added is generally 1 to 10 equivalents, preferably 1 to 3 equivalents. 
Examples of the reaction solvent to be generally used include ether solvents such as diethyl ether, tetrahydrofuran, 
1 ,4-dioxane and the like, ketone solvents such as acetone, methyl ethyl ketone and the like, nitriie solvents such as 

55 acetonitrile and the like, ester solvents such as ethyl acetate, n-butyl acetate, methyl acetate, propyl acetate and the 
like, and halogen-containing solvents such as dichloromethane, chloroform and the like. An ether solvent such as 
diethyl ether, tetrahydrofuran, 1,4-dioxane and the like is preferably used. 

[0079] An acetal compound which is a precursor of a compound of the formula (11) can be obtained by reacting a 
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compound represented by A'-OH with commercially available bromoacetaldehyde dimethylacetal or bromoacetalde- 
hyde diethylacetal (mfd. by Aldrich). A compound of the formula (11) is preferably stored in the form of a precursor 
acetal and converted into the corresponding aldehyde compound prior to or upon the reaction, since a compound of 
the formula (11 ) may be easily oxidized. 

[0080] The reaction conditions for synthesizing such a precursor acetal are as follows. That is, the amount of bro- 
moacetaldehyde dimethylacetal or bromoacetaldehyde diethylacetal to be added is generally 1 to 1 0 equivalents, pref- 
erably 2 to 5 equivalents, with respect to the compound represented by A'-OH. This reaction is preferably carried out 
in the presence of a base. The base may be sodium hydroxide, potassium hydroxide, potassium carbonate and the 
like, with potassium carbonate being preferred. The amount of the base to be added is generally 1 to 10 equivalents, 
preferably 2 to 6 equivalents. Examples of the reaction solvent to be generally used include ether solvents such as 
diethyl ether, tetrahydrofuran, 1,4-dioxane and the like, ketone solvents such as acetone, methyl ethyl ketone and the 
like, polar solvents such as N,N-dimethylformamide, N.N-dimethylacetamide and the like, sulfoxide solvents such as 
dimethylsulfoxide, sulfolane and the like, ester solvents such as ethyl acetate, n-butyl acetate, methyl acetate, propyl 
acetate and the like, and alcohol solvents such as methanol, ethanol, i-propanol and the like. A polar solvent such as 
N,N-dimethy!formamide and the like is preferably used. The reaction is carried out at a temperature of 20 to 100°C, 
preferably 30 to 80°C. The reaction time is 5 to 30 hours, preferably 1 0 to 20 hours. 

[0081] A compound of the formula (2) can be obtained by reacting a compound of the formula (4) with a compound 
of the formula (1 1 ) and then reducing the reaction product. The reducing agent may be platinum oxide in the presence 
of a hydrogen donor, sodium borohydride, sodium cyanoborohydride and the like, with platinum oxide in the presence 
of a hydrogen donor being preferred. The amount of the reducing agent (platinum oxide) to be used may be generally 
0.001 to 0.1 equivalent, preferably 0.01 to 0.1 equivalent, with respect to the compound of the formula (4). Hydrogen 
gas is used as the hydrogen donor generally at a reaction pressure of atmospheric pressure to 10 atm, preferably 
atmospheric pressure to 5 atm. Examples of the reaction solvent include alcohol solvents such as methanol, ethanol, 
i-propanol and the like, and ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane and the like. The preferred 
reaction solvent is an alcohol solvent such as methanol and the like. The reaction is carried out at a temperature of 0 
to 100°C, preferably 10 to 40°C. The reaction time is 1 to 50 hours, preferably 10 to 30 hours. 
[0082] In addition, a compound of the formula (2) can be obtained by reacting a compound of the formula (4) with a 
compound of the formula (12). This reaction is preferably carried out in the presence of a base. The amount of the 
compound of the formula (12) to be added may be generally 1 to 5 equivalents, preferably 1 to 2 equivalents, with 
respect to the compound of the formula (4). The base may be triethylamine, diisopropylethylamine, sodium hydroxide, 
potassium hydroxide, potassium carbonate and the like, with diisopropylethylamine being preferred. The amount of 
the base to be added is generally 1 to 10 equivalents, preferably 2 to 5 equivalents. Examples of the reaction solvent 
to be generally used include ether solvents such as diethyl ether, tetrahydrofuran, 1,4-dioxane and the like, ketone 
solvents such as acetone, methyl ethyl ketone and the like, polar solvents such as N,N-dimethylf ormamide, N,N-dimeth- 
ylacetamide and the like, and ester solvents such as ethyl acetate, n-butyl acetate, methyl acetate, propyl acetate and 
the like. An ether solvent such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane and the like is preferably used. The reaction 
is carried out at a temperature of 0 to 1 00°C, preferably 20 to 50*C. The reaction time is 1 to 50 hours, preferably 1 0 
to 30 hours. 

[0083] A compound of the formula (12) can be obtained by reacting a compound represented by A 1 -OH with com- 
mercially available 1 ,2-bromoethane (mfd. by Aldrich; referred to as a compound the formula (13)). This reaction is 
preferably carried out in the presence of a base. The amount of the compound of the formula (1 3) to be used is generally 
5 to 50 equivalents, preferably 1 0 to 50 equivalents, with respect to the compound represented by A'-OH. The base 
may be sodium hydroxide, potassium hydroxide, potassium carbonate and the like, with potassium carbonate being 
preferred. The amount of the base to be added is generally 1 to 1 0 equivalents, preferably 2 to 6 equivalents. Examples 
of the reaction solvent to be generally used include ether solvents such as diethyl ether, tetrahydrofuran, 1 ,4-dioxane 
and the like, ketone solvents such as acetone, methyl ethyl ketone and the like, ester solvents such as ethyl acetate, 
n-butyl acetate, methyl acetate, propyl acetate and the like, and alcohol solvents such as methanol, ethanol, i-propanoi 
and the like. A polar solvent such as N,N-dimethylformamide and the like is preferably used. The reaction is carried 
out at a temperature of 20 to 1 00°C, preferably 30 to 80°C. The reaction time is 5 to 30 hours, preferably 1 0 to 20 hours. 
[0084] The thus obtained compound of the formula (2) can be subjected to the reaction steps according to Preparing 
Process 1 set forth above to give a compound of the formula (1 ). 

[0085] In each step of the synthesizing routes set forth above, the produced material is preferably purified by a known 
purifying means, such as column chromatography and the like. However, each intermediate compound is relatively 
good in crystallinity and can be used in the following reaction step after being subjected to a simple recrystallizing 
treatment without hard labor. Therefore, the present process, which can save cost and complicated process, is a pre- 
ferred process. In addition, the present process is also preferred in that each reaction step results in good yield and 
that the number of reaction steps is relatively few. 

[0086] As set forth above, a compound of the formula (1) in which R5 is a hydrogen atom can exist in the two different 
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optically active substances. The processes described herein can provide a racemic mixture and also an optically active 
substance as occasion requires. The reactions set forth above should not alter the relating stereochemistry. 
[0087] When R 5 is a hydrogen atom, a mixture of two optical isomers with respect to *1 may be obtained. The mixture 
can be resolved into the optical isomers as their acid addition salts with an optically active acid such as camphorsulfonic 

5 acid, mandelic acid or substituted mandelic acid by a suitable method such as fractional crystallization. Such a fractional 
crystallization may be carried out using a suitable solvent, preferably a lower alcohol, such as methanol, ethanol/i- 
propanol or a mixture thereof. Each pair of enantiomers can be resolved into pure isomers by formation of diastereo- 
meric salt, chromatography using an optically active column, or other means. When one of starting materials is optically 
active, the thus obtained mixture of diastereomers can be resolved into pure isomers by the above-mentioned means. 

10 [0088] Salts of a compound of the formula (1 ) according to the present invention may be a known salt, and examples 
thereof include hydrochloride, hydrobromide, sulfate, hydrogensulfate, dihydrogen phosphate, citrate, maleate, tar- 
trate, fumarate, gluconate and methanesulfonate, and acid addition salts with an optically active acid such as cam- 
phorsulfonic acid, mandelic acid or substituted mandelic acid. Among them, pharmaceutical^ acceptable salts are 
particularly preferred. When a compound of the formula (1) is converted into its salt, an acid addition salt of the com- 

15 pound can be obtained by dissolving the compound in an alcohol such as methanol, ethanol and the like, to which the 
equivalent amount to several times amount of the acid is then added. The acid to be used may be a pharmaceutical^ 
acceptable mineral or organic acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid, hydrogensulfate, dihy- 
drogen phosphate, citric acid, maleic acid, tartaric acid, fumaric acid, gluconic acid, methanesulfonic acid and the like. 
[0089] Further, salts of each compound of the formulae (2), (4), (5) and (9) which is an intermediate of each preparing 

20 process may also be preferred. 

Examples 

[0090] The following examples further illustrate this invention but are not intended to limit it in any way. The high 
25 performance liquid chromatography (HPLC) manufactured by Hitachi was used for HPLC measurements. The thin 
layer chromatography (TLC) used was Precoated silica gel 60 F254 (mfd. by MERCK). The detecting process was 
carried out with UV (254 nm) irradiation and coloration with ninhydrin. R f values of TLC were obtained on free amines. 
The column chromatography process was carried out on silica gel 60 (230-400 mesh; mfd. by MERCK). The determi- 
nation of nuclear magnetic resonance spectrum (NMR) was carried out using Gemini-300 (FT-NMR; mfd. by Varian). 
30 The solvent used was CDCl 3 unless otherwise noted. Chemical shift was determined using tetramethylsilane (TMS) 
as the internal standard and is indicated herein in 5 (ppm). Coupling constant is indicated herein in J(Hz). Mass spectrum 
(MS) was determined by the fast atom bombardment mass spectrometry (FAB-MS) with JEOL-JMS-SX102. 

Example 1 

35 

Synthesis of 2~azido-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanone (Preparation Process 1) 

[0091] Sodium azide (4.9 g) was added to a solution of2-bromo-1-(4-benzyloxy-3-methylsulfonylamino)phenyleth- 
anone (1 0 g; synthesized by the method reported by A. A. Larsen et al., J. Med. Chem. , 10, p. 462 (1 967) or C. Kaiser, 

40 J, Med. Chem. , 7, p. 49 (1974)) in acetone (200 mL). The mixture was then stirred at room temperature for 3.5 hours. 
After the reaction was completed, the crystal precipitated in the reaction system was filtered off and the solvent was 
distilled off under reduced pressure. The residue was dissolved in ethyl acetate, and then washed sequentially with a 
saturated ammonium chloride aqueous solution and water. The organic layer was dried over anhydrous magnesium 
sulfate and the solvent was distilled off under reduced pressure. The residue was recrystalized from i-propanol (40 

45 mL) and then dried under reduced pressure to give the title compound (8.75 g; yield 96.7%) as a slightly yellowish 
crystal. 

R f : 0.33 (1 :2 ethyl acetate/hexane); 

1 H-NMR: 2.9-3.0 (3H, s), 4.4-4.6 (2H, s), 5.1-5.3 (2H, s), 6.8-7.0 (1H, bs), 7.0-8.1 (8H, m); 
50 MS: 361 (MH + ). 

Example 2 

Synthesis of (±)-2-azido-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanol (Preparing Process 1) 
55 ~ ~ 

[0092] Sodium borohydride (472 mg) was added to a suspension of the compound (6 g; obtained in Example 1) in 
methanol (40 mL). The mixture was then stirred at room temperature for 4.5 hours. After the reaction was completed, 
the solvent was distilled off under reduced pressure. The residue was dissolved in ethyl acetate and water. 
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Hydrochloric acid was added until the aqueous layer was neutralized. The organic layer was washed sequentially with 
water and saturated brine and dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced 
pressure, the residue was dried under reduced pressure to give the title compound (6.00 g; yield 99.4%) as a siiqhtlv 
yellowish crystal. 



R f : 0.16 (1:9 ethyl acetate/chloroform); 

1 H-NMR: 2.9-3.0 (3H, s), 3.4-3.6 (2H, d), 4.8-5.0 (1H, m), 5.0-5.2 (2H, s), 6.7-6.9 (1H, bs), 6.9-7.6 (8H, m); 
MS: 363 (MH+). 



Example 3 

Synthesis of (±)-2-ami no-1-(4-ben2yloxy-3-methylsulfonylamino)phenvlethanol (Preparing Process 1) 

[0093] Platinum oxide (85 mg) was added to a solution of the compound (5.0 g; obtained in Example 2) in methanol 
(30 mL) under an argon atmosphere. The mixture was stirred under a hydrogen atmosphere at atmospheric pressure 
at room temperature for 22 hours. After the reaction was completed, the atmosphere was replaced with argon and the 
catalyst was filtered off. The solvent was distilled off under reduced pressure. The residue was recrystalized from 
diethyl ether and dried under reduced pressure to give the title compound (4.04 g; yield 87%) as a white crystal. 

Rf: 0.05 (1:10 methanol/chloroform); 

1 H-NMR (DMSO-d 6 ): 2.5-2.7 (2H, m), 2.8-3.0 (3H, s), 3.2-3.8 (4H, bs), 4.2-4.5 (1H t m), 5.0-5.2 (2H, s) ( 7.0-7.6 

(8H, m); 

MS: 337 (MH+). 



Example 4 



Synthesis of (±)-2-benz ylamino-1-(4-benzvloxv-3-methylsulfonylamino)phenylethanol (Preparing Process 1 ) 

[0094] Platinum oxide (107 mg) was added to a solution of the compound (3.15 g; obtained in Example 3) and 
benzaldehyde (1.0 g) in methanol (45 mL) under an argon atmosphere. The mixture was stirred under a hydrogen 
atmosphere at atmospheric pressure at room temperature for 15 hours. After the reaction was completed, the atmos- 
phere was replaced with argon and the catalyst was filtered off. The solvent was distilled off under reduced pressure 
and the residue was purified by silica gel chromatography (1 :30 methanol/chloroform) to give the title compound (3 23 
g; yield 81 %) as an amorphous solid. 

R f : 0.29 (1:10 methanol/chloroform); 

1 H-NMR (DMSO-d 6 ): 2.5-2.7 (2H, m), 2.8-3.0 (3H, s), 3.2-3.5 (3H, bs), 3.6-3.8 (2H, s), 4.5-4.7 (1H, m), 5.0-5 2 
(2H, s), 7.0-7.6 (13H,m); 
MS: 427 (MH+). 

Referential Example 1 

Synthesis of (9H-carbazol)-2-yloxyacetic acid 

[0095] Methyl bromoacetate (5.0 g; mfd. by Aldrich) and potassium carbonate (6.9 g) were added to a solution of 
2-hydroxycarbazole (3 g; mfd, by Aldrich) in acetone (30 mL). The mixture was stirred at 50°C for 4 hours. After the 
reaction was completed, the solvent was distilled off under reduced pressure. The residue was dissolved in methanol 
(20 mL) and water (20 mL), to which lithium hydroxide (1 .2 g) was added. The mixture was stirred at 50 °C for 5 hours 
and the solvent was distilled off under reduced pressure. The residue was dissolved in ethyl acetate and water. The 
aqueous layer was acidified with hydrochloric acid, washed with saturated brine and dried over anhydrous magnesium 
sulfate. The solvent was distilled off under reduced pressure and the residue was recrystalized from ethanol/hexane 
and dried under reduced pressure to give the title compound (3.08 g; yield 78%) as a slightly yellowish crystal. 

R f : 0.05 (1:10 methanol/chloroform); 
MS: 242 (MH + ). 
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Example 5 

Synthesis of (±)-N-benzyl-N^2-hydroxv -2-^ (9H-carbazol) - 

2-yloxvacetamide (Preparing Process 1) ~~ 

[0096] A solution of the compound (283 mg; obtained in Referential Example 1) and N.N'-dicyclohexylcarbodiimide 
(255 mg; mfd. by Wako Pure Chemical Industries) in tetrahydrofuran (10 mL) was slowly added to a solution of the 
compound (500 mg; obtained in Example 4) in tetrahydrofuran (10 mL). The mixture was stirred at room temperature 
for 23 hours. After the reaction was completed, the solvent was distilled off under reduced pressure. The residue was 
dissolved in ethyl acetate, washed sequentially with water and saturated brine and dried over anhydrous magnesium 
sulfate. The solvent was then distilled off under reduced pressure. The residue was recrystalized from ethanol/hexane 
and dried under reduced pressure to give the title compound (468 mg; yield 61 .6%) as a white crystal. 

R f : 0.29 (1:10 methanol/chloroform); 

1 H-NMR (CDCI3/CD3OD): 2.7-3.0 (3H, s), 3.2-3.8 (2H, m), 4.2-5.2 (7H, m), 6.6-7.6 (18H, m), 7.6-8.0 (2H, m)- 
MS: 650 (MH+). V ' 

Example 6 

Synthesis on±)'2-[N-benzvl-N-r2-(9H-c arbazol-2-vloxv)1ethvnamino-1-(4-benzvloxy-3-methvlsulfonv <amino) 
phenylethanol (Preparing Process 1 ) 

[0097] 0.9 M borane/tetrahydrofuran (1 .07 mL; mfd. by KANTO CHEMICAL) was added to a solution of the compound 
(234 mg; obtained in Example 5) in tetrahydrofuran (5 mL) while the solution was cooled with ice-water. The mixture 
was stirred at room temperature for 17 hours. After the reaction was completed, the solvent was distilled off under 
reduced pressure. The residue was dissolved in ethyl acetate, washed sequentially with saturated sodium bicarbonate 
water and saturated brine. The organic layer was dried over anhydrous magnesium sulfate. The solvent was then 
distilled off under reduced pressure. The residue was purified by silica gel chromatography (1 :2 ethyl acetate/hexane) 
to give the title compound (1 83 mg; yield 80%) as an amorphous solid. 

R f : 0.33 (1:1 ethyl acetate/hexane); 
MS: 636 (MH + ). 

Example 7 

Synthesis of (±)-2-rN-r2-(9 H-carbazol-2-vloxy)1ethvnamino-1-(4-hvdroxy-3-methylsulfonylamino)phen vlethanol 
(Preparing Process 1) 

[0098] 1 0% Palladium/carbon (15 mg) was added to a solution of the compound (150 mg; obtained in Example 6) 
in methanol (2 mL) under an argon atmosphere. The mixture was stirred under a hydrogen atmosphere at atmospheric 
pressure at room temperature for 5 hours. After the reaction was completed, the atmosphere was replaced with argon 
and the catalyst was filtered off. The solvent was distilled off under reduced pressure. The residue was recrystalized 
from ethanol and dried under reduced pressure to give the title compound (103 mg) as a white crystal. 

R f : 0.3 (1:10 methanol/chloroform); 
MS: 456 (MH + ). 

[0099] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(4-hydroxy-3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the 
fact that they had the same retention time in HPLC measurements. 

Example 8 

Synthesis o f (±)-2-amino-1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanol (Preparing Process 1) 

[0100] Lithium aluminium hydride (632 mg) was added to a solution of the compound (2.0 g; obtained in Example 
1) in tetrahydrofuran (50 mL) under an argon atmosphere. The mixture was stirred at room temperature for 20 hours. 
After the reaction was completed, water (1 0 mL) and 1 0% sodium hydroxide (5 mL) were added. The mixture was then 
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filtered, dried over magnesium sulfate and filtered again. The solvent was distilled off under reduced pressure. The 
residue was recrystalized from diethyl ether and dried under reduced pressure to give the title compound (1 .4 g; yield 
75%) as a white crystal. 

5 R f : 0.05 (1:10 methanol/chloroform); 

MS: 337 (MH + ). 

[0101] The thus obtained compound was shown to be identical to (±)-2-amino-1-(4-benzyloxy-3-methylsulfonylami- 
no)phenylethanol obtained in Example 3 by the fact that they had the same retention time in HPLC measurements. 

10 

Example 9 

Synthesis of 2-amino»1-(4-benzvloxv-3-methvlsulfonylamino)phenylethanone hydrochloride (Pre paration process 1) 

is [0102] Hexamethylenetetramine (2.6 g; mfd. by TOKYO KASEI KOGYO) was added to a solution of 2-bromo- 
1-(4-benzyloxy-3-methylsulfonylamino)phenylethanone (5 g; synthesized by the method reported by A. A. Larsen et 
al., J. Med. Chem. , JK), p. 462 (1967)) in tetrahydrofuran (100 mL). The mixture was then stirred at room temperature 
f or 1 5 hours. Afterthe reaction was completed, the crystal precipitated in the reaction system was separated by filtration. 
Concentrated hydrochloric acid (6.3 mL) was added to a solution of the thus obtained crystal in ethanol (160 mL). The 

20 mixture was stirred at 80°C for 5 minutes. After the reaction system was cooled with ice, the crystal precipitated was 
separated by filtration and dried under reduced pressure to give the title compound (3.4 g; yield 73%) as a white crystal. 

R f (as the free amine): 0.1 (1:10 methanol/chloroform); 
MS (as the free amine): 335 (MH + ). 

25 

Example 10 

Synthesis of (±V2-amino-1-(4-benzyloxv-3-methvlsulfonylamino)phenvlethanol (Preparing Process 1) 

30 [0103] The compound (hydrochloride)(3.4 g; synthesized in Example 9) was added to ethyl acetate (100 mL) and a 
saturated sodium hydrogen carbonate aqueous solution (100 mL). 

The mixture was stirred at room temperature for 30 minutes. The ethyl acetate layer was separated, dried over anhy- 
drous magnesium sulfate and filtered. The solvent was distilled off to give a free amine compound (3 g). Sodium 
borohydride (255 mg) was added to a suspension of the free amine (3 g) in methanol (20 mL). The mixture was stirred 
35 at room temperature for 3 hours. Afterthe reaction was completed, the solvent was distilled off under reduced pressure. 
The residue was dissolved in ethyl acetate and water. 

Hydrochloric acid was added until the aqueous layer was neutralized. The organic layer was washed sequentially with 
water and saturated brine and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure and the residue was dried under reduced pressure to give the title compound (2.9 g) as a slightly yellowish 
40 crystal. 

R f : 0.05 (1:10 methanol/chloroform); 
MS: 337 (MH+). 

45 [01 04] The thus obtained compound was shown to be identical to (±)-2-amino-1 -(4-benzyloxy-3-methylsulfonylami- 
no)phenylethanol obtained in Example 3 by the fact that they had the same retention time in HPLC measurements. 

Referential Example 2 

so Synthesis of [ (S,S)-N-methanesulfonyl-1 ,2-diphenylethylenediamineKp-cymene) ruthenium (S,S)- 

1 ,2-diphenylethylenediarnine (5.0 g; mfd. by KANKYO KAGAKU CENTER) was dissolved in methylene chloride (25 
mL), to which triethytamine (1 6.4 mL) was added. The mixture was cooled to 0°C under a nitrogen atmosphere. Then, 
to the mixture was added dropwise methanesulfonyl chloride (1 .82 mL; mfd. by Wako Pure Chemical Industries) mixed 
with methylene chloride (1 75 mL) over 30 minutes while the internal temperature was maintained at 0 to 5°C. After the 

55 adding was completed, the mixture was stirred at 0 to 5°C for 30 minutes. 

[0105] After the reaction was completed, the solvent was distilled off under reduced pressure. 

The white residue was purified by silica gel chromatography (50:1 chloroform/methanol) and then recrystalized from 
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ethanol to give (S,S)-N-methanesulfonyl-1 ,2-diphenylethylenediamine (3.2 g) as a white powder. 
R f : 0.3 (10:1 chloroform/methanoi); 

1 H-NMR (CDCIg): 1.51 (2H, br), 2.25 (3H ( s), 4.29 (1H, d, J=4.9), 4.55 (1H, d, J=4.9), 5.97 (1H, br), 7.25-7.36 
(10H, m). 

[01 06J Next, this compound (3.2 g), dichloro(p-cymene)ruthenium(ll) dimer (3.37 g; mf d. by Aldrich) and triethylamine 
(3.08 mL) were mixed in 2-propanol (100 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution was 
cooled and the solvent was distilled off under reduced pressure. The residue was washed with water and dried under 
reduced pressure to give the title compound (6.1 g). 

Example 11 

Synthesis of (R)-2-azido-1 -(4-benzvloxy-3-methyjsulfonylamino)phenvlethanol (Preparing Process 1) 

[0107] [(S,S)-N-methanesulfonyl-1 ,2-diphenylethylenediamine](p-cymene) ruthenium (58 mg; synthesized in Refer- 
ential Example 2 according to the method of Noyori et al., J. Am. Chem. Soc , 117 , p. 7562 (1995)) was added to a 
solution of 2-azido-1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanone (3.6 g; synthesized in Example 1) in formic 
acid/triethylamine (2.5 mL; 5:2 formic acid/triethylamine complex; mfd. by FLUKA) and tetrahydrofuran (6.5 mL). The 
mixture was stirred at 5°C for 43 hours. After the reaction was completed, the reaction solution was diluted with ethyl 
acetate, washed sequentially with water and saturated brine and dried over anhydrous magnesium sulfate. The solvent 
was distilled off under reduced pressure. The residue was then recrystalized from ethanol and dried under reduced 
pressure to give the title compound (3.44 g; yield 95.0%). 

R f : 0.16 (1:9 ethyl acetate/chloroform); 
MS: 363 (MH + ); 

HPLC: Optical Purity: 94.2% e.e. 
[0108] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
Detecting wave length: 254 nm. 

Example 12 

Synthesis of (R)-2-amino-1-(4-benzyloxy-3-methvlsulfonylamino)phenylethanol (Preparing Process 1) 

[0109] Under an argon atmosphere, to a solution of chloro(1 ,5-cyclooctadiene)rhodium(l) dimer (133 mg; mfd. by 
Wako Pure Chemical Industries) and (2R,4R)-N-(tertbutoxycarbonyl)-4-dicyclohexylphosphino-2-diphenylphosphi- 
nomethylpyrrolidine (397 mg; mfd. by FUJI YAKUHIN) in degassed methanol (5 mL) were added 2-amino-1-(4-benzy- 
loxy-3-methylsulfonylamino)phenylethanone hydrochloride (1 .0 g; synthesized in Example 9) and triethylamine (2 u,L). 
The mixture was stirred under a hydrogen atmosphere at atmospheric pressure at room temperature for 24 hours. 
After the reaction was completed, the solvent was distilled off under reduced pressure. The residue was dissolved in 
ethyl acetate and washed sequentially with saturated sodium bicarbonate water and saturated brine. Organic layer 
was dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The residue 
was recrystalized from diethyl ether and dried under reduced pressure to give the title compound (854 mg; yield 94.0%) 
as a white crystal, which was shown to have a high optical purity. 

R f : 0.05 (1:10 methanol/chloroform); 
MS: 337 (MH+). 

Example 13 

Synthesis of (R)-2-fN-r2-(9H-carbazol-2-yloxy)1ethyl1amino>1 -(4-hydroxy-3-methylsulfonylamino)phenylethanol 
(Preparing Process 1) 

[01 1 0] The title compound was obtained according to Examples 4 to 7. That is, the same reaction as that of Example 
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4 was carried out, except that (R)-2-amino-1-(4-benzyloxy-3-methyisulfonylamino)phenylethanol (3.15 g; synthesized 
in Example 12) was used instead of (±)-2-benzylamino-1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanol (3.15 g) 
used in Example 4, to give a reaction product. The resultant product was sequentially treated according to Examples 
5, 6 and 7 to give the title compound. 
5 MS: 456 (MH + ). 

[0111] The structure of this compound was identified by the retention time in HPLC measurements which was the 
same retention time as that of the compound obtained in Example 7. 

Example 14 

10 

Synthesis of (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1 -(3-methylsulfonylamino)phenylethanol (Preparing 
Process 1) 

[01 1 2] The title compound was obtained according to Examples 1 to 7. That is, the same reaction as that of Example 
15 1 was carried out, except that 2-bromo-1-(3-methylsulfonylamino)phenylethanone was used instead of 2-bromo- 
1-(4-benzyloxy-3-methylsulfonylamino)phenylethanone used in Example 1, to give a reaction product. The resultant 
product was sequentially treated according to Examples 2 to 7 to give the title compound. 

[0113] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the fact that 
20 they had the same retention time in HPLC measurements. 

Example 15 

Synthesis of (±)>2>amino-1-(4-chlorO'3'methylsulfonylamino)phenylethanol (Preparing Process 1) 

25 ~ " ~ ~ "~ ~ ' ~ "~ ~' ^ ~ — — - ~ 

[01 1 4] The title compound was obtained according to Examples 1 to 3. That is, the same reaction as that of Example 
1 was carried out, except that 2-bromo-1 -(4-chloro-3-methylsulfonylamino)phenylethanone (8.2 g; synthesized accord- 
ing to the method described in JP-A-9-249623) was used instead of 2-bromo-1-(4-benzyloxy-3-methylsulfonylamino) 
phenylethanone (10 g) used in Example 1 , to give a reaction product. The resultant product was sequentially treated 
30 according to Examples 2 and 3 to give the title compound (3.31 g). 
MS: 265 (MH + ). 

Example 16 

35 Synthesis of (±)-N-[2-hydroxy-2-(4-chloro-3-methylsulfonylamtno)phenyl]ethyl (9H-carbazol)-2-yloxyacetamide 
(Preparing Process 1) 

[0115] The title compound was obtained according to Example 5. That is, the same reaction as that of Example 5 
was carried out, except that (±)-2-amino-1-(4-chloro-3-methylsulfonylamino)phenylethanol (312 mg; obtained in Ex- 
40 ample 15) was used instead of ( ±)-2-benzylamino-1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanol (500 mg) : 
used in Example 5, to give the title compound (351 mg). 
MS:488 (MH+). 

Example 17 

Synthesis of (±)-2-fN-[2-(9H-carbazol'2-yloxy)]ethyl1amino-1-(4-chloro-3-methylsulfonylamino)phenylethanol 
(Preparing Process 1) 

[0116] The title compound was obtained according to Example 6. That is, the same reaction as that of Example 6 
so was carried out, except that (±)-N-[2-hydroxy-2-(4-chloro-3-methylsulfonylamino)phenyl]ethyl (9H-carbazol)-2-yloxy- 
acetamide (176 mg; obtained in Example 16) was used instead of (±)-N-[2-hydroxy-2-(4-benzyloxy-3-methylsulfo- 
nylamino)phenyl]ethyl (9H-carbazol)-2-yloxyacetamide (234 mg) used in Example 6, to give the title compound (136 
mg). 

MS: 474 (MH + ). 

55 [0117] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(4-chloro-3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the 
fact that they had the same retention time in HPLC measurements. 
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Example 18 

Synthesis of (±>2-amino-1-(4«bromo-3-methylsulfonylamino)phenvlethanol (Preparin g Process 1) 

[0118] The title compound was obtained according to Examples 1 to 3. That is, the same reaction as that of Example 
1 was carried out, except that 2-bromo-1-(4-bromo-3-methylsulfonylamino)phenylethanone (9.3 g; synthesized accord- 
ing to the method described in JP-A-9-249623) was used instead of 2-bromo-1-(4-benzyloxy-3-methylsutfonylamino) 
phenylethanone (10 g) used in Example 1 , to give a reaction product. The resultant product was sequentially treated 
according to Examples 2 and 3 to give the title compound (3.76 g). 



Example 19 

Synthesis of (±)-N-f2-hydroxv-2-(4-bromo-3-methylsulfonv>amino)phenyl]ethvl (9H-carba zol)-2-yloxyacetamide 
(Preparing Process 1) 

[0119] The title compound was obtained according to Example 5. That is, the same reaction as that of Example 5 
was carried out, except that (±)-2-amino-1-(4-bromo-3-methylsulfonylamino)phenylethanol (354 mg; obtained in Ex- 
ample 18) was used instead of ( ±)-2-benzylamino-1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanol (500 mg) 
used in Example 5, to give the title compound (399 mg). 



Example 20 

Synthesis of (±)-2>fN-[2-(9H-carbazol-2-vloxy)]ethyl1amino-1-(4-bromo-3-methvlsulfonyla mino)phenylethanol 
(Preparing Process 1) 

[0120] The title compound was obtained according to Example 6. That is, the same reaction as that of Example 6 
was carried out, except that (±)-N-[2-hydroxy-2-(4-bromo-3-methylsulfonylamino)phenyl]ethyl (9H-carbazol)-2-yloxy- 
acetamide (200 mg; obtained in Example 19) was used instead of (±)-N-[2-hydroxy-2-(3-methylsulfonylamino-4-ben- 
zyloxy)phenyl]ethyl (9H-carbazol)-2-yloxyacetamide (234 mg) used in Example 6, to give the title compound (1 55 mg). 
[0121] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(4-bromo-3-methy!sulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the 
fact that they had the same retention time in HPLC measurements. 



Example 21 

Synthesis of l-[3-(N-benzyl-N-methylsulfonyl)amino]phenylethanone (preparing Process 2) 

[0122] Potassium carbonate (7.0 g) was added to a solution of 1-(3-methylsulfonylamino)phenylethanone (10.0 g; 
synthesized according to the method reported by A. A. Larsen et a!., J. Med. Chem ., 9, pp. 88-97 (1966)) in acetone 
(70 mL) with stirring, to which benzyl bromide (8.7 g) and sodium iodide (1 .4 g) were then added. The mixture was 
then warmed up and heated to reflux for 4 hours. The reaction solution was cooled to room temperature, then extracted 
with ethyl acetate and water, and washed with water. The organic layer was dried over anhydrous magnesium sulfate 
and the solvent was distilled off under reduced pressure. The thus obtained residue was recrystalized from a mixed 
solvent (ethyl acetate/hexane) and dried under reduced pressure to give the title compound (11 .7 g; yield 82%) as a 
slightly yellowish crystal. 



R f : 0.32 (1:1 ethyl acetate/hexane); 
MS: 304 (MH + ). 



Example 22 

Synthesis of 2-bromo-1-[3-(N-benzyl-N-methylsulfonylamino)lphenylethanone (Pre paring Process 2) 

[0123] A solution of the compound (10.0 g; obtained in Example 21) in methanol (500 mL) was heated to 40°C with 
stirring. Tetra-n-butylammonium tribromide (17.0 g; mfd. by TOKYO KASEI KOGYO) was added and the mixture was 
then stirred at 45 to 50°C for 2 hours. The reaction mixture was cooled to 40°C. Hydrobromic acid (1 40 mL) and water 
(140 mL) were added and the mixture was stirred at 30 to 40°C for 1 hour. Water (140 mL) was then added to the 
reaction mixture. This was allowed to cool with stirring for 1 to 2 hours and then cooled with ice. The crystal precipitated 
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l a l!STl! d by t filtrati0n : washed with a mixed solvent of water (300 mL) and methanol (30 mL), and dried under 

r n o 7 m f 6 l ° 9 ' Ve thS ,i,le com P° und < 11 -8 9: yield 94%) as a light yellow crystal. 
R ( : 0.27(1:1 ethyl acetate/hexane). 

Example 23 

Synthesis of 2-a 2 ido.1.f3-(N-ben Z vl-N-methvlsulf o nv0amino1 D henylethanone .Preparing Process 2) 

So ml/SS Zmurl ^ t0 8 S ° ,Uti0n ° f thS C ° mp0Und 9; ° btained in Exam P ,e 2 2) in acetone 

nr^in^»LJ th ! * r00m tem P srat " re f °' 3 hours. After the reaction was completed the crystal 

»~T^Z T C , " SySt6m WaS f " tered ° ff and the SO,vent was disti,led ° ff ^ ^u»d pressure The r si 
was d.sso.ved ,n ethyl acetate, and washed sequentially with a saturated ammonium chloride aqueous solution and 

ZTcZ L? amC !r r driGd ° Ver anhydr ° US cesium sulfate and the solvent was then distilled off under 
reduced pressure. The res.due was recrystalized from acetone and dried under reduced pressure to give the trtle 
compound (8.6 g; yield 96%) as a slightly yellowish crystal. pressure 10 give tne title 

MS: 345 (MH + ); 

)f ,2K s) ' 4 94 <2H 9 - 7 26 <5H > m >- 7 — >~>» ph. 

Example 24 

Synthesis of (±)-2-a2ido-1.f3.(N-ben2vl-N.methvls u lfonvl)amino1phenylethanol (Preparing Process 2 ) 

m2t 2 h 5 a L, S /on Ur ?^ 0r ° hydride (24? m9) WaS added t0 a s ^pension of the compound (3 g; obtained in Example 23) in 
ToZnt o ST } t ^ iXtUre W8S Stirr6d 81 r ° 0m t6mpera,Ur e f0r 5 "ours After inaction was co^lefed he 
solvent of the react.on mixture was distilled off under reduced pressure and the residue was then dissolved n ethvl 
acetateand water. Hydrochloric acid was added until the aqueous layerwas neutralized Thl^anfc 

o ff rd^ th d Wa,er S ?L ated brine " and dri6d ° Ver anhydr ° US « ™° - s 

MS: 347 (MH + ). 
Example 25 

Synthesis of (±)-2-amino-1-f3-(N-ben 2 yl-N-methvlsul f onyl)amino1 D henylethanol (Preparing Proems g) 

[01 1 26] Platinum oxide (53 mg) was added to a solution of the compound (3 g; obtained in Example 24) in methanol 
under an argon atmosphere. The mixture was then stirred under a hydrogen atmosphere aTatm^ 

srenZs'dTsXrf h ri ° UrS H Aft6r . the atm ° SPhere W3S re P ,a ~ d Jargon, ^carl^^TZ^ I 
MS: 321 (MhT PreSSUr6 ^ *" 1,1,6 C ° mP ° Und ^ 91 ^ 86%) 88 8 Wh " e C(yStaL 

Example 26 

Synthesis of (±)-2-ben Z ylamino.1.f3.(N-ben Z vl-N.m e thv l s ulfonvl)amino1phPnvlethanol (Prenarina Pr^cc gj 

!° 127 L u la I inUm ° Xide 013 m9) WaS added 10 a solution of the compound (3.2 g; obtained in Example 25) and 

atmos htl , °t' 1 9> methan0 ' <6 ° UndGr an ar9 ° n atmos P h - mixture was then Sred undTra hydrogen 
atmosphere at atmosphenc pressure at room temperature for 1 8 hours. After the atmosphere was replaced wi^aroon 
the ca ta, ys « W as filtered off and the solvent was distilled off under reduced pressure. The r^^Tp^S JZ 
gel chromatography to give the title compound (3.5 g; yield 85%) y 
MS: 411 (MH+). 
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Example 27 

Synthesis of (±)-N , -benz yl-N42-hvdroxy>2-r3-(N-ben2V)>N-methvlsulfonyl)aminolphenvOethyl bromoacetamide 
(Preparing Process 2) ' 

[0128] Triethylamine (1 .2 g) was added to a solution of the compound (4.1 g; obtained in Example 26) in tetrahydro- 
furan (100 mL) with stirring. Bromoacetyl chloride (1 .89 g) was added dropwise to the mixture with stirring while the 
mixture was cooled with ice. The mixture was allowed to warm to room temperature and further stirred for 30 minutes. 
The reaction mixture was extracted with ethyl acetate and water, and washed with water. The organic layer was dried 
over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The residue was purified 
by column chromatography to give the title compound (4.2 g; yield 79%) 
MS: 532 (MH+). 

Example 28 

Synthesis of (±)-N , -be n2yl-N , 42>hvdroxy-2-f3-(N-benzvl-N-methylsulfonvl)amino1phenyl1ethyl (9H-carbazol-2-yloxy) 
acetamide (Preparing Process 2) ~~ 

[0129] 2-Hydroxycarbazole (1.8 g; mfd. by Aldrich) and a 2 N potassium carbonate aqueous solution (10 mL) were 
added to a solution of the compound (5.3 g; obtained in Example 27) in acetone (60 mL) with stirring. The mixture was 
stirred at room temperature for 5 hours. The reaction mixture was concentrated under reduced pressure and the residue 
was extracted with toluene and a sodium hydroxide aqueous solution, and then washed with water. The organic layer 
was dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure. The residue 
was purified by column chromatography to give the title compound (4.7 g; yield 74%) 
MS: 634 (MH+). 

Example 29 

Synthesis of (±)-2-rN , -b enzyt-N42-(9H-cafo^ 
phenylethanol (Preparing Process 2) 

[0130] 0.9 M borane/tetrahydrofuran (1 .85 mL; mfd. by KANTO CHEMICAL) was added to a solution of the compound 
(634 mg; obtained in Example 28) in tetrahydrof uran (20 mL) while the solution was cooed with ice-water. The mixture 
was stirred at room temperature for 24 hours. The solvent was distilled off under reduced pressure. The residue was 
dissolved in ethyl acetate, washed sequentially with saturated sodium bicarbonate water and saturated brine. The 
organic layer was dried over anhydrous magnesium sulfate. The solvent was then distilled off under reduced pressure. 
The residue was purified by silica gel chromatography (1 :2 ethyl acetate/hexane) to give the title compound (502 mg- 
yield 81%). R f : 0.5 (2:1 ethyl acetate/hexane); 
MS: 620 (MH + ). 

Example 30 

Synthesis of (±)-2-rN-r2 -(9H-carbazol-2-vloxv)1ethyl]amino-1-(3>methvlsulfonylamino)phenylethanol (Preparin g 
Process 2) 

[0131] 10% Palladium/carbon (45 mg) was added to a solution of the compound (450 mg; obtained in Example 29) 
in methanol (1 0 mL) under an argon atmosphere. The mixture was stirred under a hydrogen atmosphere at atmospheric 
pressure at room temperature for 5 hours. After the atmosphere was replaced with argon, the catalyst was filtered off 
and the solvent was distilled off under reduced pressure. The residue was recrystalized from ethanol and dried under 
reduced pressure to give the title compound (303 mg; yield 95%) as a white crystal. 

[0132] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the fact that 
they had the same retention time in HPLC measurements. 

R,: 0.32 (1 :4 methanol/chloroform); 
MS: 440 (MH + ). 
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Example 31 

Synthesis of (±)-2-rN-f2-(9H-carba2oi-2-vloxy)]ethyl1amino>1 -(3-methylsulfonvlamino)phenylethanol (Preparing 
Process 2) 

[0133] The title compound was obtained according to Examples 27 to 30. That is, the same reaction as that of 
Example 27 was carried out, except that (±)-2-amino-1-[3-(N-benzyl-N-methylsulfonyl)amino]phenylethanol (synthe- 
sized in Example 25) was used instead of (±)-2-benzylamino-1-[3-(N-benzyl-N-methylsulfonyl)amino]phenylethanol 
used in Example 27, to give a reaction product. The resultant product was sequentially treated according to Examples 
28 to 30 to give the title compound as a white crystal. 

[0134] The thus obtained compound was shown to be identical to (4>2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the fact that 
they had the same retention time in HPLC measurements. 

R f : 0.32 (1 :4 methanol/chioroform); 
MS: 440 (MH+). 

Example 32 

Synthesis of (±)-2-[N-r2-(9H-carbazol-2-yloxv)1ethyl1amino-1 -(3-methylsulfonylamino)phenvlethanol (Preparing 
Process 2) 

[0135] The title compound was obtained according to Examples 23 to 30. That is, the same reaction as that of 
Example 23 was carried out, except that 2-bromo-1-(3-methylsulfonylamino)phenylethanone (synthesized according 
to the method reported by A. A. Larsen et al., J. Med. Chem. , 9, pp. 88-97 (1 966)) was used instead of 2-bromo-1 -[3-(N- 
benzyl-N-methylsulfonyl)amino]phenylethanone used in Example 23, to give a reaction product. The resultant product 
was sequentially treated according to Examples 24 to 30 to give the title compound as a white crystal. 
[0136] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 

1- (3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the fact that 
they had the same retention time in HPLC measurements. 

R f : 0.32 (1:4 methanol/chioroform); 
MS: 440 (MH+). 

Example 33 

Synthesis of (±)-2-fN-r2-(9H-carbazol-2-vloxv)1ethyl1amino-1 -(3-methvlsulfonvlamino)phenylethanol (Preparing 
Process 2 ) 

[0137] The title compound was obtained according to Examples 23 to 25 and 27 to 29. That is, the same reaction 
as that of Example 23 was carried out, except that 2-bromo-1-(3-methylsulfonylamino)phenylethanone (synthesized 
according to the method reported by A. A. Larsen et al., J. Med. Chem. , 9, pp. 88-97 (1966)) was used instead of 

2- bromo-1-[3-(N-benzyl-N-methylsulfonyl)amino]phenylethanone used in Example 23, to give a reaction product. The 
resultant product was sequentially treated according to Examples 24, 25 and 27 to 29 to give the title compound. 
[0138] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the fact that 
they had the same retention time in HPLC measurements. 

R f : 0.32 (1:4 methanol/chioroform); 
MS: 440 (MH+). 

Example 34 

Synthesis of (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino-1-(4-hydroxy-3-methylsulfonylamino)phenylethanol 
(Preparing Process 2) 

[0139] The title compound was obtained according to Examples 27 to 30. That is, the same reaction as that of 
Example 27 was carried out, except that (±)-2-benzylamino-1 -(4-benzyloxy-3-methylsultonylamino)phenylethanol 
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(synthesized in Example 4) was used instead of (±)-2-benzylamino-1 .[3-(N-benzyl-N-methylsulf onyl)amino]phenyleth- 
ano, llsed tn Examp^T ; to give a reaction product. The resultant product was sequentially treated accordmg to Ex- 
amples 28 to 30 to give the title compound as a white ^stal. H . carbazol . 2 . v , oxy)]eth y, lamino . 
[0140] The thus obtained compound was shown to be idenhcal to (±)-2 [N l [2 bvthe 
1 . ( 4-hydroxy-3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A 9 249623) by 
fact that they had the same retention time in HPLC measurements. 

Ft,: 0.41 (1:10 methanol/chloroform); 
MS: 456 (MH + ). 

Example 35 

Svnth eS is of (±V2-rN.p . f3H.c a rbazo 
( Preparing Process 2) 

Spe^wS^ 

ExampTe 27, to give a reaction product. The resuKant product was sequentially treated according to Examples 28 and 

SSf ^ t^^ne^ompound was shown to be identical to ^"^"^"^"^^^^^ 2 .j'^^'g]^^23)^'t^ 
1-(4-chloro-3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9 249623) by 

fact that they had the same retention time in HPLC measurements. 

MS: 474 (MH+). 

Example 36 

Synthesis of (±)-2. [ M-p. < 9H-carba Z ol-2 - y ln wM e thvnamino-1-(4-b r omo-3-meth Y lsulfon Y lamino) P hen y lethano. 
(Preparing Process 2) 

29 to give the title compound. (OH-earbazol-2-vloxy)]ethyl)amino- 
[0144] The thus obtained compound was shown to be identical to ±);2"[N-[2 (9H ^™ 20, _ 2 /' 9 . 2 ™ by the 
1-(4-bromo-3-methylsulfonylamino)phenylethanol prepared accord.ng to the known method (JP-A 9 249623) by 
fact that they had the same retention time in HPLC measurements. 
R ( : 0.58 (1 :3 methanol/ethyl acetate). 

Referential Example 3 

Synthesis of (9H-carbazol-2-yloxvtecetalde h Y de (Preparing Process 3) 

(1.26 g; yield 41%). 
MS: 226 (MH + ). 
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Example 37 



10 



15 



20 



25 



30 



35 



gSffl^^w^ nam, 

oxide (110 mg) wee aad ed u „ a „ J L „' Z S " K r00m ,em " e ' al " re '» « "»^. After p.alin.m 
armoepherle pressure a, ream remper,,,?,. £ £ ZL", S '"™ d """" 8 " ! "" ,>9e " almos l» here « 
eras wared <* ana the solvenl „aa dlelinea olf under deduce- e^!i^f t!" T ' e| " aCM wl,h "H"' ,he «■•*■< 

m " rMuc « a p — - *• <^~7™? y ^r rec ~ ,rom *"* 

Example 38 

~^v * v?-^ — , onvlamlnn , nh .„ r „ 

[0147J (±)-2-fN-[2-(9H-carba2ol-2-yloxy)]ethvllamir.o 1 iih an , i * 

that they had the sante R, v.iaeTr, TLC measurements ° '° ** C0 ""*" ,n< ' ° b """«> " E ^'« ? * lac. 

H f : 0.3 (1:10 methanol/chloroform). 

Referential Example 4 

Synthesis of (9H-carb aZ o,. 2 .vio^ ot H yl ^ mic , e , Prftnflrin7 p ^ 

extract edwithethylacetatedOOmDandwa L(100^S^!2^ WaS Stirred at 50 ° C for 1 da * «»n 

and filtered. Ethyl acetate was distil«edoL 
(30 mL) and the crystal was filtered to give the title J^^ZT^^?" reCrySta " 2ed from elhan °' 

Example 39 



40 



45 



50 



55 




P^tZ™^ synt hes i2 ed in Referenda, 

at room temperature for 8 hours, and then LJ^^S^^S^ ° Th6 miXtUre Was sti " ed 
layer was dried over anhydrous magnesium sulfate and fHte ed SLitt } "? **" (5 ° mL) - The eth >" ace,ale 
The resi due was purified by silica gel column chromXaphv M TeSl off under pressure. 

(35.1 mg; yield 51%). myography (1.1 ethyl acetate/hexane) to give the title compound 

MS: 636 (MH+). 

Example 40 

Synthesis o f (±,-2-,N-rg-(flH<amazol-2- Y i., y V 
(Preparing Process 3) ' ' 

[0152] The thus obtained compound was shown to hi if , P 9 ' V6 the ,itle com P ou ^. 
that they had the same R f value in TLC measuZems ,0 ^ C ° mP ° Und ° Wained in ^ xam P' e 7 by the fact 

f ' 03 (1^10 methanol/chloroform). 
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Example 41 

Synthesis of (±V2-rN-f2-(9 H-carba20l-2-vloxy)1ethvnamino-1 -(3-methvlsulfonvlamino)phenvlethanol (Preparing 
Process 3 ) — — * 

[0153] The title compound was obtained according to Examples 1 to 3 and 37, That is, the same reaction as that of 
Example 1 was carried out, except that 2-bromo-1-(3-methylsulfonylamino)phenylethanone (synthesized according to 
the method reported by A. A. Larsen et al., J. Med. Chem.. 9. pp. 88-97 (1966)) was used instead of 2-bromo-1-(4-ben- 
zyloxy-3-methy!sulfonylamino)phenylethanone used in Example 1, to give a reaction product. The resultant product 
was. sequentially treated according to Examples 2 and 3 and then Example 37 to give the title compound. 
[0154] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the fact that 
they had the same retention time in HPLC measurements. 

Example 42 

Synthesis of (±)-2-fN-r2-(9H-carbazol-2>yloxy)1ethyl]amino>1-(4-chloro-3-methylsulfonylamino)phenylethan ol 
(Preparing Process 3) 

[0155] The title compound was obtained according to Example 37. That is, the same reaction as that of Example 37 
was carried out, except that (±)-2-amino-1-(4-chloro-3-methylsulfonylamino)phenylethanol (synthesized in Example 
1 5) was used instead of (±)-2-amino-1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanol used in Example 37, to give 
the title compound. 

[0156] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(4-chloro-3-methyisulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the 
fact that they had the same retention time in HPLC measurements. 

Example 43 

Synthesis of (±)-2-rN-f2-( 9H-carbazol-2-yloxy)1ethyl1amino-1 -(4-bromo-3-methylsulfonylamino)phenylethanol 
(Preparing Process 3) ~~ 

[0157] The title compound was obtained according to Example 37. That is, the same reaction as that of Example 37 
was carried out, except that (±)-2-amino-1-(4-bromo-3-methylsulfonyiamino)phenylethanol (synthesized in Example 
1 8) was used instead of (±)-2-amino-1 -(4-benzyloxy-3-methylsulfonylamino)phenylethanol used in Example 37, to give 
the title compound. 

[0158] The thus obtained compound was shown to be identical to (±)-2-[N-[2-(9H-carbazol-2-yloxy)]ethyl]amino- 
1-(4-bromo-3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the 
fact that they had the same retention time in HPLC measurements. 

Example 44 

Synthesis of (R)-2-rN-r2- (9H-carbazol-2-yloxv)1ethvl]amino-1-(4-hydroxv-3-methylsulfonvlamino) P henyle thanol 
(Preparing Process 3 ) 

[0159] The title compound was obtained according to Examples 37 and 38. That is, the same reaction as that of 
Example 37 was carried out, except that (R)-2-amino-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanoi (synthe- 
sized in Example 12) was used instead of (±)-2-amino-1-(4-benzyloxy-3-methylsulfony!amino)phenylethanol used in 
Example 37, to give a reaction product. The resultant product was further treated according to Example 38 to give the 
title compound. 

[0160] The thus obtained compound was shown to be identical to (R)-2-[N-[2-(9H-carbazol-2-yIoxy)]ethyl]amino- 
1-(4-hydroxy-3-methylsulfonylamino)phenylethanol prepared according to the known method (JP-A-9-249623) by the 
fact that they had the same retention time in HPLC measurements. 
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Referential Example 5 

Synthesis of [ (S,S)-N-(p-toluenesulfonvO-1 ,2-diphenvlethylenediamine1(p-cymene) ruthenium 

5 [01 61 ] Methylene chloride (5 mL) and triethylamine (3.28 mL) were added to (S,S)-1 ,2-diphenylethylenediamine (1 .0 
g; mfd. by KANKYO KAGAKU CENTER). To the mixture was added dropwise a solution of p-toiuenesulfonyl chloride 
(91 6 mg; mfd. by KANTO CHEMICAL) in methylene chloride (1 0 mL) with stirring under a nitrogen atmosphere at 0°C. 
The mixture was stirred at 5°C for 1 7 hours. After the reaction was completed, a 1 N sodium hydroxide aqueous solution 
(30 mL) was added to the reaction solution. The separated organic layer was dried over anhydrous magnesium sulfate 

10 and the solvent was distilled off under reduced pressure. The residue was purified by silica gel chromatography (50: 
1 chloroform/methanol) to give (S,S)-N-(p-toluenesulfonyl)-1 t 2-diphenylethy!enediamine (1.05 g). 
[0162] Next, this compound (367 mg), dich!oro(p-cymene)ruthenium(li) dimer (306 mg; mfd. by Aldrich) and triethyl- 
amine (0.28 mL) were mixed in 2-propanol (7 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution 
was cooled and the solvent was distilled off under reduced pressure. The residue was washed with water and dried 

is under reduced pressure to give the title compound (637 mg). 

Example 45 

Synthesis of (R)-2-axido-1-(4'benzyloxy-3-methylsulfonylamino)phenvlethanol (Preparing Process 1) 

20 " ' " ^ - — - — ■ 

[01 63] [(S,S)-N-(p-toluenesulfony!)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium (6.4 mg; synthesized in Ref- * 
erential Example 5) was added to a solution of 2-azido-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanone (180 
mg; synthesized in Example 1) in formic acid/triethylamine (0.25 mL; 5:2 formic acid/triethylamine complex; mfd. by 
FLUKA) and tetrahydrofuran (0.65 mL). The mixture was stirred at 5°C for 2 days. After the reaction was completed, 

25 the reaction solution was diluted with ethyl acetate, washed sequentially with water and saturated brine, and dried over 
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure. The residue was then recrystalized 
from ethanol and dried under reduced pressure to give the title compound (170 mg). 

[0164] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
that they showed the same behavior in TLC and HPLC measurements. 
30 R f :0. 16(1 :9 ethyl acetate/chloroform); 
HPLC: Optical Purity: 91.4% e.e. 

[0165] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
35 Flow rate: 0.5 mL/min; 

Detecting wave length: 254 nm. 
Column temperature: 25°C. 

Referential Example 6 

40 

Synthesis of [ (S,S)-N-(o-to)uenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene)ruthenium 

[01 66] Methylene chloride (5 mL) and triethylamine (3.28 mL) were added to (S,S)-1 ,2-diphenylethylenediamine (1 .0 
g; mfd. by KANKYO KAGAKU CENTER). To the mixture was added dropwise a mixture of o-toluenesulfonyl chloride 

45 (670 u,L; mfd. by KANTO CHEMICAL) in methylene chloride (35 mL) with stirring under a nitrogen atmosphere at 0°C. 
The mixture was stirred at 5°C for 1 7 hours. After the reaction was completed, a 1 N sodium hydroxide aqueous solution 
(30 mL) was added to the reaction solution. The separated organic layer was dried over anhydrous magnesium sulfate 
and the solvent was distilled off under reduced pressure. The residue (1 .799 g) was purified by silica gel chromatography 
(50:1 to 20:1 chloroform/methanol) to give (S,S)-N-(o-toluenesulfonyI)-1 ,2-diphenylethylenediamine (1.05 g). 

so R f ; o.58 (10:1 chloroform/methanol). 

[0167] Next, this compound (367 mg), dichloro(p-cymene)ruthenium(ll) dimer (306 mg; mfd. by Aldrich) and triethyl- 
amine (0.28 mL) were mixed in 2-propanol (7 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution 
was cooled and the solvent was distilled off under reduced pressure. The residue was washed with water and dried 
under reduced pressure to give the title compound (615 mg). 

55 
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Exampie 46 

Synthesis of (R)>2>azido-1-(4-ben2vloxy-3-methy1sulfonylamino)phenylethano] (Preparing Process 1) 

5 [01 68] The same reaction as that of Example 45 was carried out for 2 days, except that [ (S,S)-N-(o-toluenesulfonyl)- 
1 ,2-diphenylethylenediamine](p-cymene) ruthenium (synthesized in Referential Example 6) was used instead of [ (S, 
S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium used in Example 45, to give the title com- 
pound. 

[0169] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
10 that they showed the same behavior in TLC and HPLC measurements. HPLC: Optical Purity: 91 .6% e.e. 
[0170] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
15 Detecting wave length: 254 nm. 

Column temperature: 25°C. 

Referential Example 7 

20 Synthesis of [ (S,S)-N-benzenesulfonyl-1 ,2-diphenylethylenediamine](p-cymene) ruthenium 

[0171] Methylene chloride (5 mL) and triethylamine (3.28 mL) were added to (S,S)-1 ,2-diphenylethylenediamine (1 .0 
g; mfd. by KANKYO KAGAKU CENTER). To the mixture was added a mixture of benzenesulfonyl chloride (601 ^iL; 
mfd. by TOKYO KASEI KOGYO) in methylene chloride (35 mL) with stirring at 0°C. The mixture was stirred at 0°C for 
25 17 hours. After the reaction was completed, the solvent was distilled off under reduced pressure. The residue was 
purified by silica gel chromatography (50:1 chloroform/methanol) and recrystalized from an ethanol/aceto nit rile mixed 
solvent to give (S,S)-N-benzenesulfonyl-1 ,2-diphenylethylenediamine (925 mg). 
R f : 0.70 (10:1 chloroform/methanol). 

[0172] Next, this compound (150 mg), dichioro(p-cymene)ruthenium(ll) dimer (130 mg; mfd. by Aldrich) and triethyl- 
30 amine (0.11 mL) were mixed in 2-propanol (4 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution 
was cooled and the solvent was distilled off under reduced pressure. The residue was washed with water and dried 
under reduced pressure to give the title compound (254 mg). 

Example 47 

35 

Synthesis of (R)-2-azido-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanol (Preparing Process 1) 

[0173] The same reaction as that of Example 45 was carried out for 2 days, except that [ (S.S)-N-benzenesulfonyl- 
1,2-diphenylethy!enediamine](p-cymene) ruthenium (synthesized in Referential Example 7) was used instead of [ (S, 
40 S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium used in Example 45, to give the title com- 
pound. 

[0174] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
that they showed the same behavior in TLC and HPLC measurements. HPLC: Optical Purity: 91 .1% e.e. 
[0175] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

45 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
Detecting wave length: 254 nm. 
Column temperature: 25°C. 

50 

Referential Example 8 

Synthesis of [ (S,S)-N-(4-fluorobenzenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium 

55 [01 76] Methylene chloride (5 mL) and triethylamine (3.28 mL) were added to (S,S)-1 ,2-diphenylethylenediamine (1 .0 
g; mfd. by KANKYO KAGAKU CENTER). To the mixture was added a solution of 4-fluorobenzenesulfonyl chloride 
(0.92 g; mfd. by TOKYO KASEI KOGYO) in methylene chloride (35 mL) with stirring at -3°C. The mixture was stirred 
at -3 °C for 17 hours. After the reaction was completed, the solvent was distilled off under reduced pressure. The 
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residue was purified by silica gel chromatography (1 :1 to 1 :2 n-hexane/ethyl acetate) and recrystalized from an ethanol/ 
acetonitrile mixed solvent to give (S,S)-N-(p-fluoroben2enesulfonyl)-1,2-diphenylethylenediamine (1.16 g). 
R f : 0.35 (10:1 chloroform/methanol). 

[0177] Next, this compound (150 mg), dichloro(p-cymene)ruthenium(ll) dimer (124 mg; mfd. by Aldrich) and triethyi- 
amine (0.113 mL) were mixed in 2-propano! (4 mL). The mixture was stirred at 80°C for 2 hours. The reaction solution 
was cooled and the solvent was distilled off under reduced pressure. The residue was washed with water and dried 
under reduced pressure to give the title compound (254 mg). 

Example 48 

Synthesis of (R)-2-azid o-1-(4-benzvloxy-3-methylsulfonylamino)phenylethanol (Preparing Process 1) 

[01 78] The same reaction as that of Example 45 was carried out for 3 days, except that [ (S,S)-N-(4-f luorobenzenesul- 
fonyl)-1,2-diphenylethylenediamine](p-cymene) ruthenium (synthesized in Referential Example 8) was used instead 
of [ (S,S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium used in Example 45, to give the 
title compound. 

[0179] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
that they showed the same behavior in TLC and HPLC measurements. HPLC: Optical Purity: 90.1% e e 
[0180] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
Detecting wave length: 254 nm. 
Column temperature: 25°C. 



Referential Example 9 



Synthesis of f (S,S)-N -trifluoromethanesulfonvl-1 ,2-diphenvlethvlenediamine1(p-cvmene)ruthenium 

[0181] Methylene chloride (10 mL) and triethylamine (6.56 mL) were added to (S,S)-1 ,2-diphenylethylenediamine 
(2.0 g; mfd. by KANKYO KAGAKU CENTER). To the mixture was added dropwise a mixture of trifluoromethanesulfonyl 
chloride (1 .05 mL; mfd. by TOKYO KASEI KOGYO) in methylene chloride (70 mL) with stirring under a nitrogen at- 
mosphere at 0°C. The mixture was stirred at -10°C for 17 hours. After the reaction was completed, the solvent was 
distilled off under reduced pressure. The residue was purified by silica gel chromatography (1 :1 to 1 :5 n-hexane/ethyl 
acetate) to give (S,S)-N-trifluoromethanesulfonyl-1 ,2-diphenylethylenediamine (200 mg). 
R f : 0.50 (10:1 chloroform/methanol). 

[0182] Next, this compound (50 mg), dichloro(p-cymene)ruthenium(ll) dimer (44.5 mg; mfd. by Aldrich) and triethyl- 
amine (40.5 n.L) were mixed in 2-propanol (2 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution 
was cooled and the solvent was distilled off under reduced pressure. The residue was washed with 2-propanol and 
dried under reduced pressure to give the title compound (64 mg). 

Example 49 

Synthesis of (R)-2-azi do-1-(4-benzyloxv-3-methylsulfonylamino)phenvlethanol (Preparing Process 1 ) 

[01 83] The same reaction as that of Example 45 was carried out for 2 days, except that [ (S,S)-N-trifluoromethanesul- 
fonyl-1 ,2-diphenylethylenediamine](p:cymene) ruthenium (synthesized in Referential Example 9) was used instead of 
[ (S,S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium used in Example 45, to give the title 
compound. 

[01 84] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
that they showed the same behavior in TLC and HPLC measurements. HPLC: Optical Purity: 65.3% e e 
[0185] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
Detecting wave length: 254 nm. 
Column temperature: 25°C. 
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Referential Example 10 

Synthesis of [ (S,S)>N>( 4>methoxvbenzenesulfonyl)-1 ,2-diphenylethylenediamine1(p-cymene) ruthenium 

[0186] Methylene chloride (10 mL) and triethylamine (3.28 mL) were added to (S,S)-1 ,2-diphenylethylenediamine 
(1 .0 g; mfd. by KANKYO KAGAKU CENTER). To the mixture was added dropwise a solution of 4-methoxybenzenesul- 
fonyl chloride (0.973 g; mfd. by TOKYO KASEI KOGYO) in methylene chloride (30 mL) with stirring under a nitrogen 
atmosphere at 0°C. The mixture was stirred at 0*C for 17 hours. After the reaction was completed, the solvent was 
distilled off under reduced pressure. The residue was purified by silica gel chromatography (50: 1 chloroform/methanol) 
and recrystalized from acetonitrile to give (S l S)-N-(4-methoxybenzenesulfonyl)-1 l 2-diphenylethylenediamine (0 791 
9)- - 

R f : 0.33 (10:1 chloroform/methanol). 

[0187] Next, this compound (100 mg), dichloro(p-cymene)ruthenium(ll) dimer (80 mg; mfd. by Aldrich) and triethyl- 
amine (73 |iL) were mixed in 2-propanol (3 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution was 
cooled and the solvent was distilled off under reduced pressure. The residue was washed with water and dried under 
reduced pressure to give the title compound (141 mg). 

Example 50 

Synthesis of (R)-2-azid o>1-(4-benzvloxy-3-methylsulfonylamino)phenvlethanol (Preparing Process 1) 

[01 88] The same reaction as that of Example 45 was carried out for 2 days, except that [ (S,S)-N-(4-methoxybenze- 
nesulfonyi)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium (synthesized in Referential Example 10) was used in- 
stead of [ (S,S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium used in Example 45, to give 
the title compound. 

[0189] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
that they showed the same behavior in TLC and HPLC measurements. HPLC: Optical Purity 92 0% e e 
[0190] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); * 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mLVmin; 
Detecting wave length: 254 nm. 
Column temperature: 25°C. 



Referential Example 11 

Synthesis of f (S,S)-N-m ethanesulfonyH ,2-diphenylethylenediaminelmesitvlene ruthenium 

[0191] (S,S)-N-methanesulfonyl-1 ,2-diphenylethylenediamine (100 mg; synthesized according to Referential Exam- 
ple 4), dichloro-mesityleneruthenium(ll) dimer (100.6 mg) and triethylamine (96 \iL) were mixed in 2-propanol (3 mL). 
The mixture was stirred at 80°C for 1 hour. The reaction solution was cooled and the solvent was distilled off under 
reduced pressure. The residue was washed with water and dried under reduced pressure to give the title compound 
(43 mg). 



Example 51 

Synthesis of (R)>2-azid o-1-(4-benzvloxy-3-methylsulfonylamino)phenvlethanol (Preparing Process 1) 

[01 92] The same reaction as that of Example 45 was carried out for 2 days, except that [ (S,S)-N-methanesulfonyl- 
1 ,2-diphenylethylenediamine]mesitylene ruthenium (synthesized in Referential Example 11 ) was used instead of [ (S, 
S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium used in Example 45, to give the title 
compound. 

[0193] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
that they showed the same behavior in TLC and HPLC measurements. HPLC: Optical Purity: 91 1% e e 
[0194] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
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Detecting wave length: 254 nm. 
Column temperature: 25°C. 

Referential Example 12 

5 

Synthesis of [ (S t S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine]mesitylene ruthenium 

[0195] (S,S)-N-(p-toluenesulfonyl)-1 t 2-diphenylethylenediamine (1 83 mg; synthesized according to Referential Ex- 
ample 5), dichloro-mesityleneruthenium(ll) dimer (146 mg) and triethylamine (140 \iL) were mixed in 2-propanol (5 
10 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution was cooled and the solvent was distilled off 
under reduced pressure. The residue was washed with water and dried under reduced pressure to give the title com- 
pound (246 mg). 

Referential Example 13 

15 

Synthesis of [ (S t S)-N-(2-mesitylenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium 

[0196] Methylene chloride (5 mL) and triethylamine (3.28 mL) were added to (S,S)-1 ,2-diphenylethylenediamine (1 .0 
g; mfd. by KANKYO KAGAKU CENTER). To the mixture was added a solution of 2-mesitylenesulfonyl chloride (1 .03 

20 g; mfd. by TOKYO KASEI KOGYO) in methylene chloride (35 mL) with stirring at 0°C. The mixture was stirred at 5°C 
for 17 hours. After the reaction was completed, the reaction solution was washed twice with a 1 N sodium hydroxide 
aqueous solution (30 mL). The organic layer was dried over anhydrous magnesium sulfate and the solvent was distilled 
off under reduced pressure. The residue was purified by silica gel chromatography (50:1 chloroform/methanol) and 
recrystalized from ethanol to give (S,S)-N-(2-mesitylenesu If onyl)-1 ,2-diphenylethylenediamine (865 mg). 

25 R f : o.50 (20:1 chloroform/methanol). 

[0197] Next, this compound (100 mg), dichloro(p-cymene)ruthenium(ll) dimer (77.5 mg; mfd. by Aldrich) and triethyl- 
amine (70.6 u.L) were mixed in 2-propanol (4 mL). The mixture was stirred at 80°C for 1 hour. The reaction solution 
was cooled and the solvent was distilled off under reduced pressure. The residue was washed with water and dried 
under reduced pressure to give the title compound (158 mg). 

30 

Example 52 

Synthesis of (R)-2-azido-1-(4-benzyloxy-3-methylsulfonylamino)phenylethanol (Preparing Process 1) 

35 [0198] A reaction was carried out for 5 days according to Example 45, except that [ (S.S)-N-(p-toluenesulfonyl)- 
1 ,2-diphenylethylenediamine]mesitylene ruthenium (synthesized in Referential Example 12) was used instead of [ (S, 
S)-N-(p-toluenesulfonyl)-1 ,2-diphenylethylenediamine](p-cymene) ruthenium used in Example 45, to give the title com- 
pound. 

[0199] The thus obtained compound was shown to be identical to the compound obtained in Example 11 by the fact 
40 that they showed the same behavior in TLC and HPLC measurements. HPLC: Optical Purity: 88.6% e.e. 
[0200] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
45 Detecting wave length: 254 nm. 

Column temperature: 25°C. 

Example 53 

so Synthesis of 2-bromo-1-(3-methylsulfonylamino)phenvlethanone (Preparing Process 1) 

[0201] A solution of 1 -(3-methylsulfonylamino)phenylethanone (20.0 g; prepared according to the method reported 
by A. A. Larsen et al., J. Med. Chem ., 9, pp. 88-97 (1966)) in methanol (1000 mL) was heated to 40°C with stirring. 
Tetra-n-butylammonium tribromide (50.9 g; mfd. by TOKYO KASEI KOGYO) was added and the mixture was then 
55 stirred at 45 to 50 C C for 2 hours. The reaction mixture was cooled to 40°C. Hydrobromic acid (280 mL) and water (280 
mL) were added and the mixture was stirred at 30 to 40°C for 1 hour. Water (280 mL) was then added and the reaction 
mixture was allowed to cool with stirring for 1 to 2 hours and then cooled with ice. The solid precipitated was separated 
by filtration, and dissolved in ethyl acetate (200 mL). After n-hexane (200 mL) was added, the mixture was stirred at 
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room temperature for 5 hours. The crystal precipitated was filtered, and dried under reduced pressure to give the title 
compound (12.3 g) as a light yellow crystal. 
R f : 0.50 (1 :1 ethyl acetate/hexane). 

5 Example 54 

Synthesis of 2-azido-1 -(3-methylsulfonylamino)phenylethanone (Preparing Process 1 ) 

[0202] Sodium azide (6.68 g) was added to a solution of the compound (10 g; obtained in Example 53) in acetone 
10 (100 mL). The mixture was stirred at room temperature for 2.5 hours. After the reaction was completed, the crystal 
precipitated in the reaction system was filtered off and the solvent was distilled off under reduced pressure. The residue 
was dissolved in acetone (45 mL). This was then cooled to precipitate a crystal. Further, n-hexane (1 50 mL) was added. 
The crystal was separated by filtration and dried under reduced pressure to give the title compound (7.95 g). 

15 R f : 0.25 (2:1 n-hexane/ethyl acetate; developed twice); 

1 H-NMR (DMSO-d 6 ): 3.15 (3H, s), 4.85 (2H, s), 7.45-7.55 (2H, m), 7.65-7.75 (2H, m), 10;05 (1H, bs); 
MS: 255 (MH 4 ). 

Example 55 

20 

Synthesis of (R)-2-azido-1-(3-methvtsulfonylamino) phenylethanol (Preparing Process 1) 

[0203] [(S,S)-N-methanesulfonyl-1 ,2-diphenylethylenediamine](p-cymene) ruthenium (5.8 mg; synthesized in Ref- 
erential Example 2) was added to a solution of the compound (127 mg; synthesized in Example 54) in formic acid/ 
25 triethylamine (0.25 mL; 5:2 formic acid/triethylamine complex; mfd. by FLUKA) and tetrahydrofuran (0.65 mL). The 
mixture was stirred at 5°C for 8 days. After the reaction was completed, the reaction solution was diluted with ethyl 
acetate, and washed sequentially with water and saturated brine. The organic layer was dried over anhydrous mag- 
nesium sulfate and the solvent was distilled off under reduced pressure to give the title compound (115 mg). 

30 R,:0.22 (2:1 n-hexane/ethyl acetate; developed twice); 

1 H-NMR (DMSO-d 6 ): 2.98 (3H, s), 3.30 (2H, bs), 4.75 (1H, bs), 5.85 (1H, bs), 7.05-7.15 (2H, m), 7.24-7.31 (2H, 
m), 9.72 (1H, bs); 
MS: 257 (MH + ); 

HPLC: Optical Purity: 88.7% e.e. 

35 

[0204] Column: CHIRALCEL OJ (mfd. by DAICEL CHEMICAL INDUSTRIES; 4.6 mm ID x 250 mm); 

Solvent: 1:1 hexane/ethanol; 
Flow rate: 0.5 mL/min; 
40 Detecting wave length: 254 nm. 

Column temperature: 25°C. 

Example 56 

45 Synthesis of (R)-2-[N-[2-(6-hydroxv-9H-carbazol-2-yloxy)1ethyl]amino-1-(3-methylsulfonylamino)phenylethanol 
hydrochloride (Preparing Process 1) 

Step A. Synthesis of 2-methoxy-6-hydroxycarbazole 

so [0205] Water (30 mL) and concentrated hydrochloric acid (1 60 mL) were added to 2-nitro-4-methoxyaniline (1 6.8 g). 
The mixture was stirred at room temperature for 20 minutes and further at 70°C for 75 minutes. An aqueous solution 
(30 mL) containing sodium nitrite (11 .5 g) was added dropwise to the reaction solution while the reaction solution was 
maintained at a temperature of 5 P C or less with ice cooling. The reaction solution was then stirred for 1 hour while the 
temperature was maintained at 10°C. The reaction solution was filtered and the residue was washed with water (50 

55 mL). To the filtrate cooled with ice was added dropwise a solution of sodium hydrogencarbonate (123 g) and 1 ,4-ben- 
zoquinone (12.3 g) in water (120 mL) over 1 hour. The reaction solution was then stirred with ice cooling for 4 hours 
and filtered. The crystal was washed with water and dried. The thus obtained crystal was dissolved in methanol (200 
mL) and acetic acid (20 mL) followed by adding 1 0% palladium/carbon (1 .0 g). The mixture was stirred under a hydrogen 
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atmosphere at room temperature for 3 hours. The reaction solution was filtered and the residue was washed with 
methanol (30 ml_). A concentrated aqueous ammonia (50 mL) was added dropwise to the filtrate with ice cooling over 
5 minutes. The mixture was then warmed to room temperature and stirred for 12 hours. The reaction solution was 
filtered and the crystal-was washed with water and then dried in vacuo. The thus obtained crude product was purified 
by silica gel column chromatography (3:1 to 0:1 hexane/ethyl acetate) to give the title compound (2.71 g). 

R f : 0.38 (1:1 ethyl acetate/n-hexane); 

1 H-NMR (DMSO-d 6 ): 3.82 (3H, s), 6.68 (1H, dd t J=2.2, 8.5), 6.77 (1H t dd, J=2.2, 8.5), 6.88 (1H, d, J=2.2), 7.20 
(1H, d, J=8.5), 7.30 (1H, d, J-2.2), 7.83 (1H f d, J=8.5), 8.82 (1H, br), 10.73 <1H, br). 

Step B. Synthesis of 2-methoxy-6-benzyloxycarbazole 

[0206] The compound (3.90 g; synthesized in Step A) was dissolved in acetone (90 mL) and DMF (6 mL), to which 
potassium carbonate (1 0.1 g) and benzyl bromide (3.12 g) were added. The mixture was stirred at room temperature 
for 25 hours. After benzyl bromide (1 .56 g) was added, the mixture was further stirred at room temperature for 24 hours. 
Water (500 mL) was added to the reaction solution and the crystal precipitated was separated by filtration. The residue 
was washed with water and dried in vacuo. The thus obtained crude product was added to ethyl acetate (40 mL) and 
the mixture was stirred for 10 minutes. The crystal separated by filtration was dried under reduced pressure to give 
the title compound (3.28 g). 

R f : 0.66 (1:1 ethyl acetate/n-hexane); 

1H-NMR (DMSO-d 6 ): 3.83 (3H, s), 5.1 6 (2H, s), 6.73 (1 H, dd, J=2.2, 8.5), 6.92 (1 H, d, J=2.2), 6.99 (1 H, dd, J=2.5, 
8.5), 7.30-7.43 (4H t m), 7.50-7.52 (2H, m), 7.67 (1H, d, J=2.2), 7.92 (1H, d, J=8.5), 10.90 (1H, br). 

Step C. Synthesis of 2-hydroxy-6-benzyloxycarbazole 

[0207] The compound (5.93 g; obtained in Step B) was dissolved in DMSO (110 mL), to which sodium cyanide (5.75 
g) was added. The mixture was stirred at 170°C for 7 hours. After water (150 mL) was added, the reaction solution 
was extracted with ethyl acetate. The organic layer was washed with water and dried. The solvent was distilled off 
under reduced pressure. The residue was purified by silica gel column chromatography (1 :1 hexane/ethyl acetate) to 
give a 1 :1 mixture (1 .24 g) of the title compound and 2-methoxy-6-hydroxycarbazole. 
R f : 0.69 (1:1 ethyl acetate/n-hexane). ' 

The following is a spectral data of 2-hydroxy-6-benzyloxycarbazole. 

1 H-NMR (DMSO-d 6 ): 5.15 (2H, s), 6.59 (1H, dd, J=2.2, 8.2), 6.76 (1H, d, J=2.5). 6.95 (1H, dd, J=2.5, 8.5), 7.26 (1H, 
d, Jr=8.5), 7.32-7.43 (3H, m), 7.49-7.52 (2H, m), 7.60 (1H, d, J=2.5), 7.80 (1H, d, J=8.2), 9.35 (1H, br), 10.72 (1H, br). 

Step D. Synthesis of (R)-2-[N-benzyl-N-[2-(6-benzvloxv-9H-carbazol-2-yloxy)1ethyl1amino-1-r3-(N-benzvl-N- 
methylsulfonylamino)]phenylethano l 

[0208] A reaction/treatment in accordance with Referential Example 1 was carried out, except that the 1:1 mixture 
synthesized in Step C was used instead of 2-hydroxycarbazole to give a mixture of (6-benzyloxy-9H-carbazole)-2-yloxy- 
acetic acid and (2-methoxy-9H-carbazole)-2-yloxyacetic acid. 

[0209] The said mixture and (R)-2-benzylamino-1 -[3-(N-benzyl-N-methylsulfonylamino)]phenylethanol (synthesized 
from the compound obtained in Example 23 by asymmetric reduction of the compound in accordance with Example 
1 1 , then reducing the azido group in accordance with Example 25 and then treating the resulting compound in accord- 
ance with Example 26) were subjected to reaction/treatment in accordance with Examples 5 and 6 to give the title 
compound and (R)-2-[N-benzyl-N-[2-(2-methoxy-9H-carbazol-6-yloxy)]ethyl]amino-1 -[3-(N-benzyl-N-methylsulfo- 
nylamino)]phenylethanol, 

Step E. Synthesis of (R)-2-fN-[2-(6-hydroxy-9H-carbazol-2-yloxv)1ethyl]amino-1-(3-methylsulfonvlamino) 
phenylethanol hydrochloride 

[0210] The mixture (2.4 g) of (R)-2-[N-benzyl-N-[2-(6-benzyIoxy-9H-carbazol-2-yloxy)]ethyl]amino-1-[3-(N-benzyNN- 
methylsulfony!amino)]phenylethanot and the above-mentioned by-product was dissolved in a mixed solvent of tetrahy- 
drofuran (35 mL) and methanol (35 mL), to which acetic acid (2.4 mL) was added. 20% Palladium hydroxide/carbon 
(1 .2 g) was added to the mixture under an argon atmosphere. After the atmosphere was replaced with hydrogen, the 
mixture was stirred for 1 5 hours. The catalyst was filtered and washed. The filtrate was placed under reduced pressure 
to distil! off the solvent. The residue was purified by silica gel column chromatography (1 9:1 to 8:1 chlorof orm/methanol). 
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An alcoholic 0.5 N hydrochloric acid (3.9 mL) was added to the fraction containing the title compound in the free form 
and the resultant product was concentrated. The crystal precipitated was separated by filtration, washed with cooled 
methanol and then dried to give the title compound (370 mg). 

1 H-NMR (DMSO-d 6 ): 3.00 (3H, s), 3.05-3.53 (4H, m), 4.33-4.42 (2H, m), 5.02 (1H, d, J=9.9), 6.27 (1H, br), 6 75 (1H 
dd, J=2.2, 8.5), 6.80 (1H, dd, J=2.2, 8.5), 6.95 (1H, d, J=2.2), 7.13-7.24 (3H, m), 7.31-7.39 (3H, m), 7.88 (1H, d J=8 5)' 
8.88 (1H, br), 8.99 (1H, br), 9.24 (1H, br), 9.86 (1H, br), 10.85 (1H, br). 



Claims 

1. A process for the preparation of a compound of the formula (1): 




wherein R 1 represents a lower alkyl group or a benzyl group; R2 represents a hydrogen atom, a halogen atom or 
a hydroxyl group; *1 represents an asymmetric carbon atom; and A represents one of the following groups: 



wherein X represents NH, O or S; R* represents a hydrogen atom, a hydroxyl group, an amino group or an 
acetylamino group; and *2 represents an asymmetric carbon atom when R* is not a hydrogen atom, said process 
comprising: 

(a) 

i) azidating a compound of the formula (8): 



0 




wherein R 1 is as defined above; R*1 represents a hydrogen atom, a halogen atom, a hydroxyl group or a 
protected hydroxyl group; R3 represents an amino-protecting group or a hydrogen atom, with an azidating 
agent to give a compound of the formula (7): 
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0 




wherein R 1 , R 21 and R 3 are as defined above; and then reducing the compound of the formula (7) to give 
a compound of the formula (5): 



OH 




wherein R 1 , R 21 , R 3 and * 1 are as defined above; or 
ii) asymmetrically reducing the compound of the formula (7) to give a compound of the formula (6): 



OH 




wherein R 1 , R 21 , R 3 and *1 are as defined above; and then reducing the azido group to give a compound 
of the formula (5); or alternatively 

Hi) converting the terminal bromine atom of the side-chain of a compound of the formula (8) into an amino 
group by amination reaction to give a compound of the formula (9): 




wherein R 1 , R 21 and R 3 are as defined above; and then reducing the compound of the formula (9) 
to give a compound of the formula (5); and then, 

(b) where necessary, protecting the compound of the formula (5) obtained in any one of the above steps to 
give a compound of the formula (4): 
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OH R 




(4) 



wherein R\ R*\ R 3 and '1 are as defined above, and R* represents an amino-protecting group or a hydrogen 
atom; and then, 

i) reacting the compound of the formula (4) with a compound of the formula (10): 



HO 



o 



.A 1 



(10) 



wherein A' represents one of the following groups: 



,51 



wherein X represents NH, O or S; R« represents a hydrogen atom, a protected hydroxyl group, a protected 
rlr 9 roup P or an acetyiamino group; and *2 represents an asymmetric carbon atom when R- -s not a 
hydrogen atom, to give a compound of the formula (3): 




13) 



wherein Ri , R* , R 3 , R 4 , A' and * 1 are as defined above; or reacting the compound of the formula (4) with 
a compound of the formula (1 5): 



B 1 ^ 
0 



OH 



(15) 



wherein B 1 represents a leaving group, to give a compound of the formula (14): 
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R 



3.NSO2R 1 



T^l^^L^ zztT 6 abo :v and then reactins the resuttin 9 com p°- d ■»» 



give a compound of the formula (2): 




,3-NSOzR' . 



(2) 



wherein R\ R 21, r3, r4 a . and are as defjned above . 
..) reacting the compound of the formula (4) with a compound of the formula (11): 



0HC^0' A 
(11) 

or" d6,ined ab0V6: th6n r6dUCin9 rGSUltin9 COm P° U " d to • —P°-d of the 
iii) reacting the compound of the formula (4) with a compound of the formula (12): 



(12) 



wherein represents a leaving group and A' is as defined above, to 



(2); and then, 



give a compound of the formula 



A process for the preparation of a compound of the formula (1): 
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NHSO2R 1 



(1) 



wherein Ri represents a lower alkyl group or a benzyl group; R2 represents a hydrogen atom, a halogen atom 
a hydroxyl group; *1 represents an asymmetric carbon atom; and A represents one of the following groups: 



or 



wherein X represents NH. O or S; R5 represents a hydrogen atom, a hydroxyl group, an amino group or an 
acetylamino group; and *2 represents an asymmetric carbon atom when R* is not a hydrogen atom, said process 
comprising: 

(a) 

i) azidating a compound of the formula (8): 




(8) 

wherein R' is as defined above; rsi represents a hydrogen atom, a halogen atom, a hydroxyl group or a 
protected hydroxyl group; R3 represents an amino-protecting group or a hydrogen atom, 
with an azidating agent to give a compound of the formula (7): 




(7) 



wherein R\ R21 and R3 are as defined above; and then reducing the compound of the formula (7) to qive 
a compound of the formula (5): 
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.3-NS02R 1 



(5) 



10 



wherein R 1 , R 21 , R 3 and * 1 are as defined above; or 
ii) asymmetrically reducing the compound of the formula (7) to give a compound of the formula (6): 



15 



20 




NS0 2 R 1 



(6) 



25 



30 



35 



wherein R 1 , R 21 , R 3 and * 1 are as defined above; and then reducing the azido group to give a 
compound of the formula (5); or alternatively 

iii) converting the terminal bromine atom of the side-chain of a compound of the formula (8) into an amino 
group by amination reaction to give a compound of the formula (9): 




(9) 



40 



45 



50 



55 



wherein R 1 , R 21 and R 3 are as defined above; and then reducing the compound of the formula (9) 
to give a compound of the formula (5); and then, 

(b) where necessary, protecting the compound of the formula (5) obtained in any one of the above steps to 
give a compound of the formula (4): 




(4) 



wherein R 1 , R 21 , R 3 and *1 are as defined above, and R 4 represents an amino-protecting group or a hydrogen 
atom; and then, 

reacting the compound of the formula (4) with a compound of the formula (10): 
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HO 



0 



.A* 



(10) 



wherein A' represents one of the following groups: 



>5I 



wherein X represents NH, O or S; R 51 represents a hydrogen atom, a protected hydroxyl group, a protected 
amino group or an acetylamino group; and *2 represents an asymmetric carbon, atom when R 51 is not a hy- 
drogen atom, to give a compound of the formula (3): 




(3) 



wherein R 1 , R 21 , R 3 , R 4 , A' and *1 are as defined above; and then further reducing the compound of the formula 
(3) to give a compound of the formula (2): 



OH R 4 




R 



NSO2R 1 



(2) 



wherein R 1 , R 21 , R 3 , R 4 , A* and * 1 are as defined above; and then, 
(c) where necessary, simultaneously or sequentially removing the protecting groups of the compound of the 
formula (2) to give a compound of the formula (1). 

A process for the preparation of a compound of the formula (7): 




(7) 



5 3-NS0 2 R 1 
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wherein R 1 represents a lower alky! group or a benzyl group; R 21 represents a hydrogen atom, a halogen atom, 
a hydroxyl group or a protected hydroxy! group; and R 3 represents an amino-protecting group or a hydrogen atom, 
said process comprising: 
azidating a compound of the formula (8): 



wherein R 1 , R 21 and R 3 are as defined above, with an azidating agent to give a compound of the formula (7). 
A process for the preparation of a compound of the formula (6): 



wherein R 1 represents a lower alkyl group or a benzyl group; R 21 represents a hydrogen atom, a halogen atom, 
a hydroxyl group or a protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom; 
and * 1 represents an asymmetric carbon atom, 
said process comprising: 

asymmetrically reducing a compound of the formula (7): 




3x NS0 2 R 1 



OH 





(7) 



wherein R 1 , R 21 and R 3 are as defined above, to give a compound of the formula (6). 



A compound of the formula (7): 



o 




(7) 
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wherein R 1 represents a lower alkyl group or a benzyl group; R*i represents a hydrogen atom, a halogen atom 
a hydroxyl group or a protected hydroxyl group; and R3 represents an amino-protecting group or a hydrogen atom! 

6. A compound of the formula (6): 



OH 




(6) 



wherein R1 represents a lower alkyl group or a benzyl group; R21 represents a hydrogen atom, a halogen atom, 
a hydroxyl group or a protected hydroxyl group; R3 represents an amino-protecting group or a hydrogen atom; 
and * 1 represents an asymmetric carbon atom. 

7. A process for the preparation of a compound of the formula (5): 



OH 




NH 2 

(5) 



wherein Ri represents a lower alkyl group or a benzyl group; R21 represents a hydrogen atom, a halogen atom, 
a hydroxyl group or a protected hydroxyl group; R3 represents an amino-protecting group or a hydrogen atom; 
and *1 represents an asymmetric carbon atom, said process comprising: 
reducing a compound of the formula (9): 

0 

R 21-A^J (9) 
R 3^NS0 2 R' 

wherein R 1 , R 21 and R 3 are as defined above, to give a compound of the formula (5). 
8. A compound of the formula (3): 
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wherein R 1 represents a lower alkyl group or a benzyl group; R 21 represents a hydrogen atom, a halogen atom, 
a hydroxyl group or a protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom; R 4 
represents an amino-protecting group or a hydrogen atom; * 1 represents an asymmetric carbon atom; and A 1 
represents one of the following groups: 




wherein X represents NH, O or S; R 51 represents a hydrogen atom, a protected hydroxyl group, a protected amino 
group or an acetylamino group; and *2 represents an asymmetric carbon atom when R 51 is not a hydrogen atom. 

A compound of the formula (14): 




wherein R 1 represents a lower alkyl group or a benzyl group; R 21 represents a hydrogen atom, a halogen atom, 
a hydroxyl group or a protected hydroxyl group; R 3 represents an amino-protecting group or a hydrogen atom; R 4 
represents an amino-protecting group or a hydrogen atom; B 1 represents a leaving group; and * 1 represents an 
asymmetric carbon atom. 
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